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- DUAL WELL COMPLETION SYSTEM

Cross Reference To Related Applications
foo1] The present application claims the benefit of the filing dates of (1) U.S. provisional patent
application serial no. 60/398,061, attorney docket no 25791.110, filed on 7/24/2002, which is a
continuation-in-part of U.S. provisional .patent application serial no. 60/372,632, attorney docket no.
25791.101, filed on 4/15/2002, which was a continuation-in-part of U.S. provisional patent application
serial no. 60/372,048, attorney docket no. 25791.93, filed on April 12,2002, which was a continuation-in-
part of U.S. provisional patent application serial no. 60/346,309, attorriey docket no. 25791.92, filed on
1/7/12002, the disclosures of which are incorporated herein by reference.
(002] The present application is a continuation-in-part of U.S. provisional patent application serial
no. 60/398,061, attorney docket no. 25791.106, filed on July 19, 2002, which was a continuation-in-part of
U.S. provisional patent application serial no. 60/372,632, attorney ‘docket no. 25791.101, filed on
4/15/2002, which was a continuation-in-part of U.S. provisional patent application serial no. 60/372,048,
attorney docket no. 25791.93, filed on April 12, 2002, which was a continuation-in-part of U.S. provisional
patent application serial no. 60/346,309, attorney docket no. 25791.92, filed on 1/7/2002, the disclosures of
which are incorporated herein by reference.
[003] The present application is related to the following: (1) U.S. patent application serial no.
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no.
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no.
09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no.
09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no.
09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application serial no.
09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no.
09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no.
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no.
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no.
PCT/US00/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent
application serial no. 60/162,671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional
patent application serial no. 60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S.
provisional patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999,
(14) U.S. .provisional pateﬁt application serial no. 60/159,039, attorney docket no. 25791.36, filed on
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorey docket no. 2579137,
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359, attorney docket no.
25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 60/165,228, attorney
docket no. 25791.39, filed on 11/12/1999, (18) U.S. provisional patent application serial no. 60/221,443,
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attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no.
60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application
serial no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional patent
application serial no. 60/237,334, attorney docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional
patent application serial no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001, (23) U.S.
provisional patent application serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001, (24)
U.S, provisional patent application serial no. 60/259,486, attorney dockét no.25791.52, filed on 1/3/2001,
(25) U.S. provisional patent application serial no. 60/303,740, attorney docket no. 25791.61, filed on
7/6/2001, (26) U.S. pravisional patent application serial no. 60/313,453, attomey docket no. 25791.59,
filed on 8/20/2001, (27) U.S. provisional patent application serial no. 60/317,985, attomey docket no.
25791.67, filed on 9/6/2001, (28) U.S. provisional patent application serial no. 60/3318,386, attorney
docket no. 25791.67.02, filed on 9/10/2001, (29) U.S. utility patent application serial no. 09/969,922,
attorney docket no. 25791.69, filed on 10/3/2001, (30) U.S. utility patent application serial no. 10/016,467,
attorney docket no. 25791.70, filed on 12/10/2001; (31) U.S. provisional patent application serial no.
60/343,674, attorney docket no. 25791.68, filed on 12/27/2001; (32) U.S. provisional patent application
serial no. 60/346,309, attorney docket no 25791.‘92, filed on 1/7/2002; (33) U.S. provisional patent
application serial no. 60/372,048, attorey docket no. 25791.93, filed on 4/12/2002; (34) U.S. provisional
patent application serial no. 60/380,147, attorney docket no. 25791.104, filed on 5/6/2002; (35) U.S.
provisional patent application serial no. 60/387,486, attorney docket no. 25791.107, filed on 6/10/2002;
(36) U.S. provisional patent application serial no. 60/387,961, attorney docket no. 25791.108, filed on
6/12/2002; (37) U.S. provisional patent application serial no. 60/391,703, attorney docket no. 25791.90,
filed on 6/26/2002; and (38) U.S. provisional patent application serial no. 60/397,284, attomey docket no.
25791.106, filed on 7/19/2002, the disclosures of which are incorporated herein by reference.
Background of the Invention
[004] This invention relates generally to oil and gas exploration; and in particular to forming and
repairing wellbore casings to facilitate oil and gas exploration.
{005] During oil exploration, a wellbore typically traverses a number of zones within a
subterranean formation. Wellbore casings are then formed in the wellbore by radially expanding and
plastically deforming tubular members that are coupled to one another by threaded connections.
Existing methods for radially expanding and plastically deforming tubular members coupled to one
another by threaded connections are not always reliable or produce satisfactory results. In particular,
the threaded connections can be damaged during the radial expansion process. Furthermore, the
threaded connections between adjacent tubular members, whether radially expanded or not, are
typically not sufficiently coupled to permit the transmission of energy through the tubular members

from the surface to a downhole location.
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(006} The present invention is directed to overcoming one or more .of the limitations of the
existing processes for radially expanding and plastically deforming tubular members coupled to one
another by threaded connections.

Summary of the Invention
[007) According to one aspect of the present invention, a method is provided that includes coupling
an end of a first tubular member to an end of a tubular sleeve, coupling an end of a second tubular member
to another end of the tubular sleeve, coupling the ends of the first and second tubular members, and radially
expanding and plastically deforming the first tubular member and the second tubular member.
[008] According to another aspect of the present invention, an apparatus is provided that includes a
tubular sleeve, a first tubular member coupled to an end of the tubular sleeve, and a second tubular member
coupled to another end of the tubular sleeve and the first tubular member.
[o09] ' According to another aspect of the present invention, a method of extracting geothermal
energy from a subterranean source of geothermal energy is provided that includes drilling a borehole that
traverses the subterranean source of geothermal energy, positioning:a first casing string within the
borehole, radially expanding and plastically deforming the first casing string within the borehole,
positioning a second casing string within the borehole that traverses the subterranean source of geothermal
energy, overlapping a portion of the second casing string with a portion;of the first casing string, radially
expanding and plastically deforming the second casing string within the borehole, and extracting
geothermal energy from the subterranean source of geothermal energy using the first and second casing
strings.
{0010] According to another aspect of the present invention, an apparatus for extracting geothermal
energy from a subterranean source of geothermal energy is provided that includes a borehole that traverses
the subterranean source of geothermal energy, a first casing string positioned within the borehole, and a
second casing positioned within the borehole that overlaps with the first casing string that traverses the
subterranean source of geothermal energy. The first casing string and the second casing string are radially
expanded and plastically deformed within the borehole.
[0011] According to another aspect of the present invention, a method is provided that includes
coupling an end of a first tubular member to an end of a tubular sleeve, coupling an end of a second tubular
member to another end of the tubular sleeve, ;:oupling the ends of the first and second tubular members,
injecting a pressurized fluid through the first and second tubular members, determining if any of the
pressurized fluid leaks through the coupled ends of the first and sécond tubular members, and if a
predetermined amount of the pressurized fluid leaks through the coupled ends of the first and second
tubular members, then coupling a tubular sleeve to the ends of the first and second tubular members and
radially expanding and plastically deforming only the portions of the first and second tubular members

proximate the tubular sleeve.
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{0012} According to another aspect of the present invention, a method is provided that includes
coupling an end of a first tubular member to an end of a tubular sleeve, coupling an end of a second tubular
member to another end of the tubular sleeve, coupling the ends of the first and second tubular members,
radially expanding and plastically deforming the first tubular member and the second tubular member, and
transmitting energy through the first and second tubular members.

{0013} According to another aspect of the present invention, a system is provided that includes a
source of energy, a borehole formed in the earth, a first tubular member positioned within the borehole
operably coupled to the source of energy, a second tubular member positioned within the borehole coupled
to the first tubular member, and a tubular sleeve positioned within the borehole coupled to the first and
second tubular members. The first tubular member, second tubular member, and the tubular sleeve are
plastically deformed into engagement with one another. ]

[0014] According to another aspect of the present invention, a method of operating a well for
extracting hydrocarbons from a subterranean formation is provided that includes drilling a borehole into the
earth that traverses the subterranean formation, positioning a wellbore casing in the borehole, transmitting
energy through the wellbore casing, and extracting hydrocarbons from the subterranean formation.
{oo015] According to another aspect of the present invention, a method of extracting fluidic materials
from first and second producing subterranean formations traversed by a borehole is provided that includes
coupling an end of a first tubular member to an end of a tubular sleeve, coupling an end of a second tubular
member to another end of the first tubuiar sleeve, coupling the ends of the first and second tubular
members, positioning the coupled first tubular member, second tubular member and first tubular sleeve
within the borehole proximate the first producing subterranean formation, radially expanding and
plastically deforming the first tubular member, the second tubular member, and the first tubular sleeve
within the borehole, coupling an end of a third tubular member to an end of a second tubular sleeve,
coupling an end of a fourth tubular member to another end of the second tubular sleeve, coupling the ends
of the third and fourth tubular members, positioning the coupled third tubular member, fourth tubular
member and second tubular sleeve within the radially expanded and coupled first tubular member, second
tubular member, and first tubular sleeve and the borehole proximate the second producing subterranean
formation, radially expanding and plastically deforming the third tubular member, the fourth tubular
member, and the second tubular sleeve within the borehole, extracting fluidic materials from the first
producing subterranean formation through an annular passage defined between the radially expanded and
coupled first tubular member, second tubular member, and first tubularsleeve and the radially expanded
and coupled third tubular member, fourth tubular member, and second tubular sleeve, and extracting
fluidic materials from the second producing subterranean formation through a passage defined within the
radially expanded and coupled third tubular member, fourth tubular member, and second tubular sleeve.
[0016} According to another aspect of the present invention, a system for extracting fluidic materials

from first and second producing subterranean formations traversed by a borehole has been described that
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includes means for coupling an end of a first tubular member to an end of a tubular sleeve, means for
coupling an end of a second tubular member to another end of the first tubujar sleeve, means for coupling
the ends of the first and second tubular members, means for positioning the coupled first tubular member,
second tubular member and first tubular sleeve within the borehole proximate the first producing
subterranean formation, means for radially expanding and plastically deforming the first tubular member,
the second tubular member, and the first tubular sleeve within the borehale, means for coupling an end of a
third tubular member to an end of a second tubular sleeve, means for coupling an end of a fourth tubular
member to another end of the second tubular sleeve, means for coupling the ends of the third and fourth
tubular members, means for positioning the coupled third tubular member, fourth tubular member and
second tubular sleeve within the radially expanded and coupled first tubular member, second tubular
member, and first tubular sleeve and the borehole proximate the second producing subterranean formation,
means for radially expanding and plastically deforming the third tubular member, the fourth tubular
member, and the second tubular sleeve within the borehole, means for extracting fluidic materials from the
first producing subterranean formation through an annular passage defined between the radially expaﬁded
and coupled first tubular member, second tubular member, and.ﬁrst tubular sleeve and the radially
expanded and coupled third tubular member, fourth tubular member, and second tubular sleeve, and means
for extracting fluidic materials from the second producing subterranean formation through a passage
defined within the radially expanded and coupled third tubular member, fourth tubular member, and
second tubular sleeve.

Brief Description of the Drawings
[0017] FIG. 1a is a fragmentary cross-sectional illustration of a first tubular member having an
internally threaded connection at an end portion. '
[0018) Fig. 1b is a fragmentary cross-sectional illustration of the placement of a tubular sleeve onto
the end portion of the first tubular member of Fig. 1a.
[6019] Fig. lc is a fragmentary cross-sectional illustration of the coupling of an externally threaded
connection at an end portion of a second tubular member to the internally threaded connection at the end
portion of the first tubular member of Fig. 1b.
[0020) Fig. 1d is a fragmentary cross-sectional illustration of the radial expansion and plastié
deformation of a portion of the first tubular member of Fig. 1c.
{0021) Fig. le is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 1d.
(0022] Fig. 2a is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of a first tubular member having an internally threaded connection at an end

portion, an alternative embodiment of a tubular sleeve supported by the end portion of the first tubular




WO 2004/009950 PCT/US2003/020694

member, and a second tubular member having an externally threaded portion coupled to the internally
threaded portion of the first tubular member.

[0023] Fig. 2b is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 2a.

{0024] Fig. 3a is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of a first tubular member having an internally threaded connection at an end
portion, an alternative embodiment of a tubular sleeve supported by the end portion of the first tubular
member, and a second tubular member having an externally threaded portion coupled to the internally
threaded portion of the first tubular member.

[0025] Fig. 3b is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 3a. '

[0026] Fig. 4a is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of a first tubular member having an intemally threaded connection at an end
portion, an alternative embodiment of a tubular sleeve having an extemal sealing element supported by the
end portion of the first tubular member, and a second tubular member having an externally threaded
portion coupled to the internally threaded portion of the first tubular member.

[0027) Fig. 4b is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 4a.

10028) Fig. 5a is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of a first tubular member having an intemnally threaded connection at an end
portion, an alternative embodiment of a tubulaf sleeve supported by the end portion of the first tubular
member, and a second tubular member having an extemally threaded portion coupled to the internally
threaded portion of the first tubular member.

[0029] Fig. 5b is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. Sa.

[0030) Fig. 6a is a fragmentary cross sectional illustration of an alternative embodiment of a tubular

sleeve. .
{0031} Fig. 6b is a fragmentary cross sectional illustration of an altemnative embodiment of a tubular
sleeve.

{0032} Fig. 6c is a fragmentary cross sectional illustration of an alternative embodiment of a tubular

sleev .
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[0033) Fig. 6d is a fragmentary cross sectional illustration of an alternative embodiment of a tubular
sleeve.

[0034) FIG. 7a is a fragmentary cross-sectional illustration of a first tubular member having an
internally threaded connection at an end portion.

[0035) Fig. 7b is a fragmentary cross-sectional illustration of the placement of an alternative
embodiment of a tubular sleeve onto the end portion of the first tubular member of Fig. 7a.

{0036 Fig. 7c is a fragmentary cross-sectional illustration of the caupling of an externally threaded
connection at an end portion of a second tubular ﬁember to the internally threaded connection at the end
portion of the first tubular member of Fig. 7b.

[0037) Fig. 7d is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of the first tubular member of Fig. lc.

[0038) Fig. 7e is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 7d.

[0039] FIG. 8a is a fragmentary cross-sectional illustration of a first tubular member having an
internally threaded connection at an end portion.

{0040] Fig. 8b is a fragmentary cross-sectional illustration of the placement of an alternative
embodiment of a tubular sleeve onto the end portion of the first tubular member of Fig. 8a.

[0041) Fig. 8c is a fragmentary cross-sectiohal illustration of the coupling of the tubular sleeve of Fig.
8b to the end portion of the first tubular member.

[0042] Fig. 8d is a fragmentary cross-sectional illustration of the coupling of an externally threaded
connection at an end portion of a second tubular member to the internally threaded connection at the end
portion of the first tubular member of Fig. 8b.

[0043) Fig. 8e is a fragmentary cross-sectional illustration of the coupling of the tubular sleeve of Fig.
8d to the end portion of the second tubular member.

[0044] Fig. 8f is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of the first tubular member of Fig. 8e.

[0045] Fig. 8¢ is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 8f.

[0046] FIG. 9a is a fragmentary cross-sectional illustration of a first tubular member having an
internally threaded connection at an end portion.

[0047] Fig. 9b is a fragmentary cross-sectional illustration of the placement of an alternative

embodiment of a tubular sleev onto the end portion of the first tubular member of Fig. 9a.
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[0048] Fig. 9c is a fragmentary cross-sectional illustration of the coupling of an externally threaded
connection at an end portion of a second tubular member to the internally threaded connection at the end
portion of the first tubular member of Fig. 9b.

[0049] Fig. 9d is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of the first tubular member of Fig. 9c.

{0050) Fig. 9e is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 9d.

{0051) FIG. 10a is a fragmentary cross-sectional illustration of a first tubular member having an
internally threaded connection at an end portion.

[0052] Fig. 10b is a fragmentary cross-sectional illustration of the placement of an alternative
embodiment of a tubular sleeve onto the end portion of the first tubular member of Fig. 10a.

(0053) Fig. 10c is a fragmentary cross-sectional illustration of the ¢oupling of an externally threaded
connection at an end portion of a second tubular member to the internally threaded connection at the end
portion of the first tubular member of Fig. 10b.

(0054) Fig. 10d is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of the first tubular member of Fig. 10c.

[0055] Fig. 10e is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 10d.

[0056] FIG. 11a is a fragmentary cross-sectional illustration of a first tubular member having an
internally threaded connection at an end portion.

foos7} Fig. 11b is a fragmentary cross-sectional illustration of the placement of an alternative
embodiment of a tubular sleeve onto the end portion of the first tubular member of Fig. 11a.

[0058) Fig. 11c is a fragmentary cross-sectional illustration of the coupling of an externally threaded
connection at an end portion of a second tubular member to the internally threaded connection at the end
portion of the first tubular member of Fig. 11b.

10059) Fig. 11d is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of the first tubular member of Fig. 11c.

[0060] Fig. 11e is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 11d.

[0061] FIG. 12a is a fragmentary cross-sectional illustration of a first tubular member having an
internally threaded connection at an end portion.

10062} Fig. 12b is a fragmentary cross-sectional illustration of the placement of an alternative
embodiment of a tubular sleeve onto the end portion of the first tubular member of Fig. 12a.
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[0063] Fig. 12c is a fragmentary cross-sectional illustration of the coupling of an externally threaded
connection at an end portion of a second tubular member to the internally threaded connection at the end
portion of the first tubular member of Fig. 12b.

[0064] Fig. 12d is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of the first tubular member of Fig. 12c.

(0065]) Fig. 12e¢ is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 12d.

[0066] Fig. 13a is a fragmentary cross-sectional illustration of the coupling of an end portion of an
alternative embodiment of a tubular sleeve onto the end portion of a first tubular member.

[0067] Fig. 13b is a fragmentary cross-sectional illustration of the ¢oupling of an end portion of a
second tubular member to the other end portion of the tubular sleeve of Fig. 13a.

[0068] Fig. 13c is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of the first tubular member of Fig. 13b.

[0069) Fig. 13d is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 13c.

[0070] FIG. 14a is a fragmentary cross-sectional illustration of an end portion of a first tubular
member.

[0071] Fig. 14b is a fragmentary cross-sectional illustration of the coupling of an end portion of an
alternative embodiment of a tubular sleeve onto the end portion of the first tubular member of Fig. 14a.

[0072) Fig. 14c is a fragmentary cross-sectional illustration of the ¢oupling of an end portion. of a
second tubular member to the other end portion of the tubular sleeve of Fig. 14b.

[0073] Fig. 14d is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of a portion of the first tubular member of Fig. 14c.

(0074] Fig. 14e is a fragmentary cross sectional of the continued radial expansion and plastic
deformation of the threaded connection between the first and second tubular members and the tubular
sleeve of Fig. 14d.

[0075] Fig. 15a is a fragmentary cross-sectional illustration of the coupling of an intemally threaded
end portion of a first tubular member to an externally threaded end portion of a second tubular member
including a protective sleeve coupled to the end portions of the first and second tubular member.

[0076) Fig. 15b is a cross-sectional illustration of the first and se¢ond tubular members and the
protective sleeve following the radial expansion of the first and second tubulars and the protective sleeve.
[0077] Fig. 15c is a fragmentary cross-sectional illustration of an alternative embodiment that includes
a metallic foil for amorphously bonding the first and second tubular members of Figs. 15a and 15b during
the radial expansion and plastic deformation of the tubular members.
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[0078] Fig. 16 is a cross-sectional illustration of a borehole including a plurality of overlapping
radially expanded wellbore casings that traverses a subterranean source of geothermél energy.
{0079) Fig. 17a is a fragmentary cross-sectional illustration of the coupling of an internally threaded
end portion of a first tubular member to an externally threaded end portion of a second tubular member
including a protective sleeve coupled to the end portions of the first and second tubular member.
(0080] Fig. 17b is a fragmentary cross-sectional illustration of the radial expansion and plastic
deformation of the threaded portions of the first and second tubular members using an adjustable expansion
cone.
[0081] Fig. 17c is an enlarged fragmentary cross-sectional illustration of the threaded portions of the
first and second tubular members and the protective sleeve prior to the radial expansion and plastic
deformation of the threaded portions.
{0082} Fig. 17d is an enlarged fragmentary cross-sectional illustration of the threaded portions of the
first and second tubular members and the protective sleeve after the radial expansion and plastic
deformation of the threaded portions.
[0083) Fig. 18a is a fragmentary cross-sectional illustration of the coupling of an internally threaded
end portion of a first tubular member to an externally threaded end portion of a second tubular member
including a protective sleeve coupled to the end portions of the first and second tubular member.
[0084] Fig. 18b is a fragmentary cross-sectional illustration of'the radial expansion and plastic
deformation of the threaded portions of the first and second tubular members using a rotary expansion tool.
[0085) Fig. 19 is an exemplary embodiment of a method of providing a fluid tight seal in the junction
between a pair of adjacent tubular members.
{0086] Fig. 20 is an exemplary embodiment of a method of transmitting energy through a pair of
radially expanded adjacent tubular members including a protecting sleeve.
[0087] Fig. 21 is a fragmentary cross sectional illustration of an embodiment of a dual well
completion system.

Detailed Description of the ustrative Embodiments
{o088) Referring to Fig. 1a, a first tubular member 10 includes an internally threaded connection
12 at an end portion 14. As illustrated in Fig. 1b, a first end of a tubular sleeve 16 that includes an
internal flange 18 and tapered portions, 20 and 22, at opposite ends is then mounted upon and receives
the end portion 14 of the first tubular member 10. In an exemplary embodiment, the end portion 14 of
the first tubular member 10 abuts one side of the internal flange 18 of the tubular sleeve 16, and the
intemal diameter of the internal flange of the tubular sleeve is substantially equal to or greater than the
maximum internal diameter of the internally threaded connection 12 of the end portion of the first
tubular member. As illustrated in Fig. Ic, an externally threaded connection 24 of an end portion 26 of
a second tubular member 28 having an annular recess 30 is then positioned within the tubular sleeve 16

and threadably coupled to the internally threaded connection 12 of theend portion 14 of the first
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tubular member 10. In an exemplary embodiment, the internal flange 18 of the tubular sleeve 16 mates
with and is received within the annular recess 30 of the end portion 26 of the second tubular member
28. Thus, the tubular sleeve 16 is coupled to and surrounds the external surfaces of the first and
second tubular members, 10 and 28.
{0089] In an exemplary embodiment, the internally threaded connection 12 of the end portion 14
of the first tubular member 10 is a box connection, and the extemnally threaded connection 24 of the
end portion 26 of the second tubular member 28 is a pin connection. In an exemplary embodiment, the
internal diameter of the tubular sleeve 16 is at least approximately .020" greater than the outside
diameters of the first and second tubular members, 10 and 28. In this manner, during the threaded
coupling of the first and second tubular members, 10 and 28, fluidic materials within the first and
second tubular members may be vented from the tubular members.
(0090] In an exemplary embodiment, as illustrated in Figs. 1d and Ie, the first and second tubular
members, 10 and 28, and the tubular sleeve 16 may then be positioned within another structure 32
such as, for example, a wellbore, and radially expanded and plastically deformed, for example, by
moving an expansion cone 34 through the interiors of the first and second tubular members. The
tapered portions, 20 and 22, of the tubular sleeve 16 facilitate the insertion and movement of the first
and second tubular members within and through the structure 32, and the movement of the expansion
- cone 34 through the interiors of the first and second tubular members, 10 and 28, may be from top to
bottom or from bottom to top.
{0091) In an exemplary embodiment, during the radial expansion and plastic deformation of the
first and second tubular members, 10 and 28, the tubular sleeve 16 is also radially expanded and
plastically deformed. In an exemplary embodiment, as a result, the tubular sleeve 16 may be
maintained in circumferential tension and the end portions, 14 and 26, of the first and second tubular
members, 10 and 28, may be maintained in circumferential compression.
[0092] In several exemplary embodiments, the first and second tubular members, 10 and 28, are
radially expanded and plastically deformed using the expansion cone 34 in a conventional manner
and/or using one or more of the methods and apparatus disclosed in onie or more of the following: (1)
U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2)
U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3)
U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4)
U.S. patent application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5)
U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6)
U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, @))
U.S. patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8)
U.S. patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9)
U.S. patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000,
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(10) PCT patent application serial no. PCT/US00/18635, attorney docket no. 25791.25.02, filed on
7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attorney docket no. 25791.27,
filed on 11/1/1999, (12) U S. provisional patent application serial no. 60/154,047, attorney docket no.
25791.29, filed on 9/16/1999, (13) U.S. provisional patent applicatior serial no. 60/159,082, attoney
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no.
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent
application serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S.
provisional patent application serial no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000,
(17) U.S. provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on
11/12/1999, (18) U.S. provisional patent application serial no. 60/221,443, attorney docket no.
25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221,645, attorney
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial no.
60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional patent application
serial no. 60/237,334, attorney docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent
application serial no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001, (23) U S.
provisional patent application serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001,
(24) U.S, provisional patent application serial no. 60/259,486, attorney docket no. 25791.52, filed on
1/372001, (25) U.S. provisional patent application serial no. 60/303,740, attorney docket no. 25791.61,
filed on 7/6/2001, (26) U.S. provisional patent application serial no. 60/313,453, attomey docket no.
25791.59, filed on 8/20/2001, (27) U.S. provisional patent application serial no. 60/317,985, attorney
docket no. 25791.67, filed on 9/6/2001, (28) U S. provisional patent ai)plication serial no.
60/3318,386, attomney docket no. 25791.67.02, filed on 9/10/2001, (29) U.S. utility patent application
serial no. 09/969,922, attorney docket no. 25791.69, filed on 10/3/2001, (30) U.S. utility patent
application serial no. 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001; (31) U.S.
provisional patent application serial no. 60/343,674, attorney docket no. 25791.68, filed on
12/27/2001; (32) U.S. provisional patent application serial no. 60/346,309, attorney docket no
25791.92, filed on 1/7/2002; (33) U.S. provisional patent application serial no. 60/372,048, attorney
docket no. 25791.93, filed on 4/12/2002; (34) U.S. provisional patent application serial no.
60/380,147, attorney docket no. 25791.104, filed on 5/6/2002; (35) U:S. provisional patent application
serial no. 60/387,486, attorney docket no. 25791.107, filed on 6/10/2002; (36) U.S. provisional patent
application serial no. 60/387,961, attorney docket no. 25791.108, filed on 6/12/2002; (37) U.S.
provisional patent application serial no. 60/391,703, attorney docket no. 25791.90, filed on 6/26/2002;
and (38) U.S. provisional patent application serial no. 60/397,284, attorney docket no. 25791.106, filed
on 7/19/2002, the disclosures of which are incorporated herein by reference.

{0093] In several alternative embodiments, the first and second tybular members, 10 and 28, ar

radially expanded and plastically deformed using other conventional methods for radially expanding
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and plastically deforming tubular members such as, for example, internal pressurization and/or roller
expansion devices such as, for example, that disclosed in U.S. patent application publication no. US
2001/0045284 Al, the disclosure of which is incorporated herein by reference.

[0094] The use of the tubular sleeve 16 during (a) the coupling of the first tubular member 10 to
the second tubular member 28, (b) the placement of the first and second tubular members in the
structure 32, and (c) the radial expansion and plastic deformation of the first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 16 protects the
exterior surfaces of the end portions, 14 and 26, of the first and second tubular members, 10 and 28,
during handling and insertion of the tubular members within the structure 32. In this manner, damage
to the exterior surfaces of the end portions, 14 and 26, of the first and second tubular member, 10 and
28, are prevented that could result in stress concentrations that could result in a catastrophic failure
during subsequent radial expansion operations. Furthermore, the tubular sleeve 16 provides an
-alignment guide that facilitates the insertion and threaded coupling of the second tubular member 28 to
the first tubular member 10. In this manner, misalignment that could result in damage to the threaded
‘connections, 12 and 24, of the first and second tubular members, 10 and 28, may be avoided. In
addition, during the relative rotation of the second tubular member with respect to the first tubular
member, required during the threaded coupling of the first and second tubular members, the tubular
sleeve 16 provides an indication of to what degree the first and second: tubular members are threadably
coupled. For example, if the tubular sleeve 16 can be easily rotated, that would indicate that the first
and second tubular members, 10 and 28, are not fully threadably coupled and in intimate contact with
the internal flange 18 of the tubular sleeve. Furthermore, the tubular sleeve 16 may prevent crack
propagation during the radial expansion and plastic deformation of the: first and second tubular
members, 10 and 28. In this manner, failure modes such as, for example, longitudinal cracks in the
end portions, 14 and 26, of the first and second tubular members may be limited in severity or
eliminated all together. In addition, after completing the radial expansion and plastic deformation of
the first and second tubular members, 10 and 28, the tubular sleeve 16:may provide a fluid tight metal-
to-metal seal between interior surface of the tubular sleeve and the exterior surfaces of the end
portions, 14 and 26, of the first and second tubular members. In this manner, fluidic materials are
prevented from passing through the threaded connections, 12 and 24, of the first and second tubular
members, 10 and 28, into the annulus between the first and second tubular members and the structure
32. Furthermore, because, following the radial expansion and plastic deformation of the first and
second tubular members, 10 and 28, the tubular sleeve 16 may be maintained in circumferential
tension and the end portions, 14 and 26, of the first and second tubular members, 10 and 28, may be
maintained in circumferential compression, axial loads and/or torque loads may be transmitted through
the tubular sleeve. In addition, the tubular sleeve 16 may also increase the collapse strength of the end
portions, 14 and 26, of the first and second tubular members, 10 and 28.

13
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{0095) Referring to Figs. 2a and 2b, in an alterative embodiment, a tubular sleeve 110 having an
internal flange 112 and a tapered portion 114 is coupled to the first and second tubular members, 10
and 28. In particular, @he tubular sleeve 110 receives and mates with the end portion 14 of the first
tubular member 10, and the internal flange 112 of the tubular sleeve is received within the annular
recess 30 of the second tubular member 28 proximate the end of the first tubular member. In this
manner, the tubular sleeve 110 is coupled to the end portions, 14 and 26, of the first and second tubular
members, 10 and 28, and the tubular sleeve covers the end portion 14 of the first tubular member 10.
0096} In an exemplary embodiment, the first and second tubular members, 10 and 28, and the
tubular sleeve 110 may then be positioned within the structure 32 and radially expanded and plastically
deformed, for example, by moving an expansion cone 34 through the interiors of the first and second
tubular members. In an exemplary embodiment, following the radial expansion and plastic
deformation of the first and second tubular members, 10 and 28, the tubular sleeve 110 may be
maintained in circumferential tension and the end portions, 14 and 26, of the first and second tubular
members, 10 and 28, may be maintained in circumferential compression.

[0097] The use of the tubular sleeve 110 during (a) the coupling of the first tubular member 10 to
the second tubular member 28, (b) the placement of the first and second tubular members in the
structure 32, and (c) the radial expansion and plastic deformation of the first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 110 protects the
exterior surface of the end portion 14 of the first tubular member 10 during handling and insertion of
the tubular members within the structure 32. In this manner, damage to the exterior surfaces of the end
portion 14 of the first tubular member 10 is prevented that could result in stress concentrations that
could result in a catastrophic failure during subsequent radial expansion operations. In addition, during
the relative rotation of the second tubular member with respect to the first tubular member, required
during the threaded coupling of the first and second tubular members; the tubular sleeve 110 provides
an indication of to what degree the first and second tubular members are threadably coupled. For
example, if the tubular sleeve 1 10 can be easily rotated, that would indicate that the first and second
tubular members, 10 énd 28, are not fully threadably coupled and in intimate contact with the internal
flange 112 of the tubular sleeve. Furthermore, the tubular sleeve 110-may prevent crack propagation
during the radial expansion and plastic deformation of the first and second tubular members, 10 and
28. In this manner, failure modes such as, for example, longitudinal cracks in the end portions, 14 and
26, of the first and second tubular members may be limited in severity or eliminated all together. In
addition, after completing the radial expansion and plastic deformation of the first and second tubular
members, 10 and 28, the tubular sleeve 110 may provide a fluid tight metal-to-metal seal between
interior surface of the tubular sleeve and the exterior surface of the ead portion14 of the first tubular
member. In this manner, fluidic materials are prevented from passing through the threaded

connections, 12 and 24, of the first and second tubular members, 10 and 28, into the annulus between
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the first and second tubular members and the structure 32. Furthermore, because, following the radial
expansion and plastic deformation of the first and second tubular members, 10 and 28, the tubular
sleeve 110 may be maintained in circumferential tension and the end portions, 14 and 26, of the first
and second tubular members, 10 and 28, may be maintained in circumferential compression, axial
Joads and/or torque loads may be transmitted through the tubular sleeve.

{0098] Referring to Figs. 3a and 3b, in an alternative embodiment, a tubular sleeve 210 having an
internal flange 212, tapered portions, 214 and 216, at opposite ends, and annular sealing members, 218
and 220, positioned on opposite sides of the internal flange, is coupled to the first and second tubular
members, 10 and 28. In particular, the tubular sleeve 210 receives and mates with the end portions, 14
and 26, of the first and second tubular members, 10 and 28, and the internal flange 212 of the tubular
sleeve is received within the annular recess 30 of the second tubular member 28 proximate the end of
the first tubular member. Furthermore, the sealing members, 218 and 220, of the tubular sleeve 210
engage and fluidicly seal the interface between the tubular sleeve and the end portions, 14 and 26, of
the first and second tubular members, 10 and 28. In this manner, the tubular sleeve 210 is coupled to
the end portions, 14 and 26, of the first and second tubular members, 10 and 28, and the tubular sleeve
covers the end portions, 14 and 26, of the first and second tubular members, 10 and 28.

[0099) In an exemplary embodiment, the first and second tubular members, 10 and 28, and the
tubular sleeve 210 may then be positioned within the structure 32 and radially expanded and plastically
deformed, for example, by moving an expansion cone 34 through the interiors of the first and second
tubular members. In an exemplary embodiment, following the radial expansion and plastic
deformation of the first and second tubular members, 10 and 28, the tubular sleeve 210 may be
maintained in circumferential tension and the end portions, 14 and 26, of the first and second tubular
members, 10 and 28, may be maintained in circumferential compression.

[00100]  The use of the tubular sleeve 210 during (a) the coupling of the first tubular member 10 to
the second tubular member 28, (b) the placement of the first and second tubular members in the
structure 32, and (c) the radial expansion and plastic deformation of thé first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 210 protects the
exterior surfaces of the end portions, 14 and 26, of the first and second:tubular members, 10 and 28,
during handling and insertion of the tubular members within the structure 32. In this manner, damage
to the exterior surfaces of the end portions, 14 and 26, of the first and second tubular members, 10 and
28, is prevented that could result in stress concentrations that could result in a catastrophic failure
during subsequent radial expansion operations. In addition, during the relative rotation of the second
tubular member with respect to the first tubular member, required during the threaded coupling of the
first and second tubular members, the tubular sleeve 210 provides an indication of to what degree the
first and second tubular members are threadably coupled. For exampls, if the tubular sleeve 210 can

be easily rotated, that would indicate that the first and second tubular members, 10 and 28, are not fully
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threadably coupled and in intimate contact with the internal flange 212 of the tubular sleeve.
Furthermore, the tubular sleeve 210 may prevent crack propagation during the radial expansion and
plastic deformation of the first and second tubular members, 10 and 28. In this manner, failure modes
such as, for example, longitudinal cracks in the end portions, 14 and 26, of the first and second tubular
members, 10 and 28, may be limited in severity or eliminated all together. In addition, after
completing the radial expansion and plastic deformation of the first and:second tubular members, 10
and 28, the tubular sleeve 210 may provide a fluid tight metal-to-metal seal between interior surface of
the tubular sleeve and the exterior surfaces of the end portions, 14 and 26, of the first and second
tubular members. In this manner, fluidic materials are prevented from passing through the threaded
connections, 12 and 24, of the first and second tﬁbular members, 10 and 28, into the annulus between.
the first and second tubular members and the structure 32. Furthermore, because, following the radial
expansion and plastic deformation of the first and second tubufar members, 16 and 28, the tubular
sleeve 210 may be maintained in circumferential tension and the end portions, 14 and 26, of the first
and second tubular members, 10 and 28, may be maintained in circumferential compression, axial

loads and/or torque loads may be transmitted through the tubular sleeve. In addition, the tubular sleeve
210 may also increase the collapse strength of the end portions, 14 and 26, of the first and second
tubular members, 10 and 28.

[00101)  Referring to Figs. 4a and 4b, in an alternative embodiment,-a tubular sleeve 310 having an
internal flange 312, tapere& portions, 314 and 316, at opposite ends, and an annular sealing member
318 positioned on the exterior surface of the tubular sleeve, is coupled to the first and second tubular
members, 10 and 28. In particular, the tubular sleeve 310 receives and mates with the end portions, 14
and 26, of the first and second tubular members, 10 and 28, and the internal flange 312 of the tubular
sleeve is received within the annular recess 30 of the second tubular member 28 proximate the end of
the first tubular member. In this manner, the tubular sleeve 310 is coupled to the end portions, 14 and
26, of the first and second tubular members, 10 and 28, and the tubular sleeve covers the end portions,
14 and 26, of the first and second tubular members, 10 and 28.

[00102]  In an exemplary embodiment, the first and second tubular members, 10 and 28, and the
tubular sleeve 310 may then be positioned within the structure 32 and radially expanded and plastically
deformed, for example, by moving an expansion cone 34 through the interiors of the first and second
tubular members. In an exemplary embodiment, following the radial expansion and plastic
deformation of the first and second tubular members, 10 and 28, the tubular sleeve 310 may be
maintained in circumferential tension and the end portions, 14 and 26, of the first and second tubular
members, 10 and 28, may be maintained in circumferential compression. Furthermore, in an
exemplary embodiment, following the radial expansion and plastic deformation of the first and second
tubular m mbe-rs, 10 and 28, the annular sealing member 318 circumferentially engages the interior

surface of the structure 32 thereby preventing the passage of fluidic materials through the annulus
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between the tubular sleeve 310 and the structure. In this manner, the tubular sleeve 310 may provide
an expandable packer element.

[00103)  The use of the tubular sleeve 310 during (a) the coupling of the first tubular member 10 to
the second tubular member 28, (b) the placement of the first and second tubular members in the
structure 32, and (c) the radial expansion and plastic deformation of the first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 310 protects the
exterior surfaces of the end portions, 14 and 26, of the first and second tubular members, 10 and 28,
during handling and insertion of the tubular members within the structure 32. In this manner, damage
to the exterior surfaces of the end portions, 14 and 26, of the first and second tubular members, 10 and
28, is prevented that could result in stress concentrations that could result in a catastrophic faiture
during subsequent radial expansion operations. In addition, during the relative rotation of the second
tubular member with respect to the first tubular member, required during the threaded coupling of the
first and second tubular members, the tubular sleeve 310 provides.an indication of to what degree the
first and second tubular members are threadably coupled. For example, if the tubular sleeve 310 can
be easily. rotated, that would indicate that the first and second tubular members, 10 and 28, are not fully
threadably coupled and in intimate contact with the internal flange 312 of the tubular sleeve.
Furthermore, the tubular sleeve 310 may prevent crack propagation during the radial expansion and
plastic deformation of the first and second tubular members, 10 and 28. In this manner, failure modes
such as, for example, longitudinal cracks in the end portions, 14 and 26, of the first and second tubular
members, 10 and 28, may be limited in severity or eliminated all together. In addition, after
completing the radial expansion and plastic deformation of the first and second tubular members, 10
and 28, the tubular sleeve 310 may provide a fluid tight metal-to-metal seal between interior surface of
the tubular sieeve and the exterior surfaces of the end portions, 14 and 26, of the first and second
tubular members. In this manner, fluidic materials are prevented from passing through the threaded -
connections, 12 and 24, of the first and second tubular members, 10 and 28, into the annulus between
the first and second tubular members and the structure 32. Furthermore, because, following the radial
expansion and plastic deformation of the first and second tubular members, 10 and 28, the tubular
sleeve 310 may be maintained in circumferential tension and the end portions, 14 and 26, of the first
and second tubular members, 10 and 28, may be maintained in circumferential compression, axial
loads and/or torque loads may be transmitted through the tubular sleeve. In addition, because,
following the radial expansion and plastic deformation of the first and second tubular members, 10 and
28, the annular sealing member 318 may circumferentially engage the interior surface of the structure
32, the tubular sleeve 310 may provide an expandable packer element. In addition, the tubular sleeve
318 may also increase the collapse strength of the end portions, 14 and 26, of the first and second
tubular members, 10 and 28.

{00104]  Referring to Figs. 5a and 5b, in an alternative embodiment, a non-metallic tubular sleeve
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410 having an internal flange 412, and tapered portions, 414 and 416, at opposite ends, is coupled to
the first and second tubular members, 10 and 28. In particular, the tubular sleeve 410 receives and
mates with the end portions, 14 and 26, of the first and second tubular members, 10 and 28, and the
internal flange 412 of the tubular sleeve is received within the annular recess 30 of the second tubular -
member 28 proximate the end of the first tubular member. In this manner, the tubular sleeve 410 is
coupled to the end portions, 14 and 26, of the first and second tubular members, 10 and 28, and the
tubular sleeve covers the end portions, 14 and 26, of the first and second tubular members, 10 and 28.
[00105] In several exemplary embodiments, the tubular sleeve 410 may be plastic, ceramic,
elastomeric, composite and/or a frangible material.

[00106] In an exemplary embodiment, the first and second tubular members, 10 and 28, and the
tubular sleeve 410 may then be positioned within the structure 32 and radially expanded and plastically
deformed, for example, by moving an expansion cone 34 through the interiors of the first and second
tubular members. In an exemplary embodiment, following the radial expansion and plastic
deformation of the first and second tubular members; 10 and 28, the tubular sleeve 410 may be
maintained in circumferential tension and the end portions, 14 and 26, of the first and second tubular
members, 10 and 28, may be maintained in circumferential compression. Furthermore, in Qn
exemplary embodiment, during the radial expansion and plastic deformation of the first and second
tubular members, 10 and 28, the tubular sleeve 310 may be broken off-of the first and second tubular
members. -

{00107]  The use of the tubular sleeve 410 during (a) the coupling of the first tubular member 10 to
the second tubular member 28, (b) the placement of the first and second tubular members in the
structure 32, and (c) the radial expansion and plastic deformation of the first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 410 protects the
exterior surfaces of the end portions, 14 and 26, of the first and second tubular members, 10 and 28,
during handling and insertion of the tubular members within the structure 32. In this manner, damage
to the exterior surfaces of the end portions, 14 and 26, of the first and second tubular members, 10 and
28, is prevented that could result in stress concentrations that could result in a catastrophic failure
during subsequent radial expansion operations. In addition, during the relative rotation of the second
tubular member with respect to the first tubular member, required during the threaded coupling of the
first and second tubular members, the tubular sleeve 410 provides an indication of to what degree the
first and second tubular members are threadably coupled. For example, if the tubular sleeve 410 can
be easily rotated, that would indicate that the first and second tubular members, 10 and 28, are not fully
threadably coupled and in intimate contact with the internal flange 412 of the tubular sleeve.
Furthermore, the tubular sieeve 410 may prevent crack propagation during the radial expansion and
plastic deformation of the first and second tubular members, 10 and 28. In this manner, failure modes

such as, for example, longitudinal cracks in the end portions, 14 and 26, of the first and second tubular
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members, 10 and 28, may be limited in severity or eliminated all together. In addition, after
completing the radial expansion and plastic deformation of the first and second tubular members, 10
and 28, the tubular sleeve 410 may provide a fluid tight metal-to-metal seal between interior surface of
the tubular sleeve and the exterior surfaces of the end portions,14 and 26, of the first and second
tubular members. In this manner, fluidic materials are prevented from passing through the threaded
connections, 12 and 24, of the first and second tubular members, 10 and 28, into the annulus between
the first and second tubular members and the structure 32. Furthermore, because, following the radial
expansion and plastic deformation of the first and second tubular members, 10 and 28, the tubular
sleeve 410 may be maintained in circumferential tension and the end portions, 14 and 26, of the first
and second tubular members, 10 and 28, may be maintained in circumferential compression, axial
loads and/or torque loads may be transmitted through the tubular sleeve. In addition, because, during
the radial expansion and plastic deformation of the first and second tubular members, 10 and 28, the
tubular sleeve 410 may be broken off of the first and second tubular members, the final outside
diameter of the first and second tubular members may more closely match the inside diameter of the
structure 32. In addition, the tubular sleeve 410 may also increase the collapse strength of the end
portions, 14 and 26, of the first and second tubular members, 10 and 28.

[00108]  Referring to Fig. 6a, in an exemplary embodiment, a tubular sleeve 510 includes an
internal flange 512, tapered portions, 514 and 516, at opposite ends, and defines one or more axial slots
518. In an exemplary embodiment, during the radial expansion and plastic deformation of the first and
second tubular members, 10 and 28, the axial slots 518 reduce the required radial expansion forces.
[00109]  Referring to Fig. 6b, in an exemplary embodiment, a tubular sleeve 610 includes an
internal flange 612, tapered portions, 614 and 616, at opposite ends, and defines one or more offset
axial slots 618. In an exemplary embodiment, during the radial expansion and plastic deformation of
the first and second tubular members, 10 and 28, the axial slots 618 reduce the required radial
expansion forces.

[00110]  Referring to Fig. 6¢, in an exemplary embodiment, a tubular sleeve 710 includes an
internal flange 712, tapered portions, 714 and 716, at opposite ends, and defines one or more radial
openings 718. In an exemplary embodiment, during the radial expansion and plastic deformation of
the first and second tubular members, 10 and 28, the radial openings 718 reduce the required radial
expansion forces. |

[00111)  Referring to Fig. 6d, in an exemplary embodiment, a tubular sleeve 810 includes an
internal flange 812, tapered portions, 814 and 816, at opposite ends, and defines one or more axial slots
818 that extend from the ends of the tubular sleeve. In an exemplary embodiment, during the radial
expansion and plastic deformation of the first and second tubular merbers, 10 and 28, the axial slots
818 reduce the required radial expansion forces.

[00112)  Referring to Fig. 7a, a first tubular member 910 includes an internally threaded connection
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912 at an end portion 914 and a recessed portion 916 having a reduced outside diameter. As illustrated
in Fig. 7b, a first end of a tubular sleeve 918 that includes annular sealing members, 920 and 922, at
opposite ends, tapered portions, 924 and 926, at one end, and tapered portions, 928 and 930, at another
end is then mounted upon and receives the end portion 914 of the first tubular member 910. In an
exemplary embodiment, a resilient retaining ring 930 is positioned between the lower end of the
tubular sleeve 918 and the recessed portion 916 of the first tubular member 910 in order to couple the
tubular sleeve to the first tubular member. In an exemplary embodiment, the resilient retaining ring
930 is a split ring having a toothed surface in order to lock the tubular sleeve 918 in place.
{00113]  Asillustrated in Fig. 7c, an externally threaded connection 934 of an end portion 936 of a
second tubular member 938 having a recessed portion 940 having a reduced outside diameter is then
positioned within the tubular sleeve 918 and threadably coupled to the internally threaded connection
912 of the end portion 914 of the first tubular member 910. In an exernplary embodiment, a resilient
retaining ring 942 is positioned between the upper end of the tubular sleeve 918 and the recessed
portion 940 of the second tubular member 938 in order to couple the tubular sleeve to the second
tubular member. In an exemplary embodiment, the resilient retaining ring 942 is a split ring having a
toothed surface in order to lock the tubular sleeve 918 in place.
[00114]  In an exemplary embodiment, the internally threaded connection 912 of the end portion
914 of the first tubular member 910 is a box connection, and the externally threaded connection 934 of
the end portion 936 of the second tubular member 938 is a pin connection. In an exemplary
embodiment, the intemal diameter of the tubular sleeve 918 is at least approximately .020" greater than
the outside diameters of the end portions, 914 and 936, of the first and second tubular members, 910
and 938. In this manner, during the threaded coupling of the first and second tubular members, 910
-and 938, fluidic materials within the first and second tubular members may be vented from the tubular
members.
[00115]  In an exemplary embodiment, as illustrated in Figs. 7d and 7e, the first and second tubular
members, 910 and 938, and the tubular sleeve 918 may then be positioned within another structure 32
such as, for example, a wellbore, and radially expanded and plastically.deformed, for example, by
moving an expansion cone 34 through the interiors of the first and second tubular members. The
tapered portions, 924 and 928, of the tubular sleeve 918 facilitate the insertion and movement of the
first and second tubular members within and through the structure 32, and the movement of the
expansion cone 34 through the interiors of the first and second tubular members, 910 and 938, may be
from top to bottom or from bottom to top.
[00116]  In an exemplary embodiment, during the radial expansion and plastic deformation of the
first and second tubular members, 910 and 938, the tubular sleeve 918 is also radially expanded and
plastically deformed. In an exemplary embodiment, as a result, the tubplar sleeve 918 may be

maintained in circumferential tension and the end portions, 914 and 936, of the first and second tubular
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members, 910 and 938, may be maintained in circumferential compresgion.

[00117)  The use of the tubular sleeve 918 during (a) the coupling of the first tubular member 910
to the second tubular member 938, (b) the placement of the first and second tubular members in the
structure 32, and (c) the radial expansion and plastic deformation of the first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 918 protects the
exterior surfaces of the end portions, 914 and 936, of the first and second tubular members, 910 and
938, during handling and insertion of the tubular members within the structure 32. In this manner,
damage to the exterior surfaces of the end portions, 914 and 936, of the first and second tubular
member, 910 and 938, are prevented that could result in stress concentrations that could resuit ina
catastrophic failure during subsequent radial expansion operations. Furthermore, the tubular sleeve
918 provides an alignment guide that facilitates the insertion and threaded coupling of the second
tubular member 938 to the first tubular member 910. In this manner, misalignment that could result in
damage to the threaded connections, 912 and 934, of the first and second tubular members, 910 and
938, may be avoided. Furthermore, the tubular sleeve 918 may prevent crack propagation during the
radial expansion and plastic deformation of the first and second tubular members, 910 and 938. In thls
manner, failure modes such as, for example, longltudmal cracks in the end portions, 914 and 936, of
the first and second tubular members may be limited in severity or eliminated all together. In addition,
after completing the radial expansion and plastic deformation of the first and second tubular members,
910 and 938, the tubular sleeve 918 may provide a fluid tight metal-to-metal seal between interior
surface of the tubular sleeve and the exterior surfaces of the end portions, 914 and 936, of the first and
second tubular members. In this manner, fluidic materials are prevented from passing through the
threaded connections, 912 and 934, of the first and second tubular members, 910 and 938, into the
annulus between the first and second tubular members and the structure 32. Furthermore, because,
following the radial expansion and plastic deformation of the first and second tubular members, 910
and 938, the tubular sleeve 918 may be maintained in circumferential tension and the end portions,
914 and 936, of the first and second tubular members, 910 and 938, may be maintained in
circumferential compression, axial loads and/or torque loads may be transmitted through the tubular
sleeve. In addition, the annular sealing members, 920 and 922, of the tubular sleeve 918 may provide a
fluid tight seal between the tubular sleeve and the end portions, 914 and 936, of the first and second
tubular members, 910 and 938. Furthermore, the tubular sleeve 918 may also increase the collapse
strength of the end portions, 914 and 936, of the first and second tubular members, 910 and 938.
(00118]  Referring to Fig. 8a, a first tubular member 1010 includes an internally threaded
connection 1012 at an end portion 1014 and a recessed portion 1016 having a reduced outside
diameter. As illustrated in Fig. 8b, a first end of a tubular sleeve 1018 that includes annular sealing
members, 1020 and 1022, at opposite ends, tapered portions, 1024 and 1026, at one end, and tapered
portions, 1028 and 1030, at another end is then mounted upon and receives the end portion 1014 of the
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first tubular member 1010. In an exemplary embodiment, as illustrated in Fig. 8c, the end of the
tubular sleeve 1018 is then crimped onto the recessed portion 1016 of the first tubul;ar member 1010 in
order to couple the tubular sleeve to the first tubular member.

{00119]  Asillustrated in Fig. 8d, an externally threaded connection 1032 of an end portion 1034 of
a second tubular member 1036 having a recessed portion 1038 having a reduced external diameter is
then positioned within the tubular sleeve 1018 and threadably coupled to the internally threaded
connection 1012 of the end portion 1014 of the first tubular member 1010. In an exemplary
embodiment, as illustrated in Fig. 8e, the other end of the tubular sleeve 1018 is then crimped into the
recessed portion 1038 of the second tubular member 1036 in order to couple the tubular sleeve to the
second tubular member.

[00120])  In an exemplary embodiment, the intemnally threaded connection 1012 of the end portion
1014 of the first tubular member 1010 is a box connection, and the extermally threaded connection
1032 of the end portion 1034 of the second tubular member 1036 is a pin connection. In an exemplary
embodiment, the internal diameter of the tubular sleeve 1018 is at least approximately .020" greater
than the outside diameters of the end portions, 1014 and 1034, of the first and second tubular members,
1010 and 1036. In this manner, during the threaded coupling of the first and second tubular members,
1010 and 1036, fluidic materials within the first and second tubular members may be vented from the
tubular members.

(00121]  Inan exemplary embodiment, as illustrated in Figs. 8f and 8g, the first and second tubular
members, 1010 and 1036, and the tubular sleeve 1018 may then be pasitioned within another structure
32 such as, for example, a wellbore, and radially expanded and plastically deformed, for example, by
moving an expansion cone 34 through the interiors of the first and second tubular members. The
movement of the expansion cone 34 through the interiors of the first and second tubular members,
1010 and 1036, may be from top to bottom or from bottom to top.

[00122]  1In an exemplary embodiment, during the radial expansion and plastic deformation of the
first and second tubular members, 1010 and 1036, the tubular sleeve 1018 is also radially expanded
and plastically deformed. In an exemplary embodiment, as a result, the tubular sleeve 1018 may be
maintained in circumferential tension and the end portions, 1014 and 1034, of the first and second
tubular members, 1010 and 1036, may be maintained in circumferential compression.

{00123]  The use of the tubular sleeve 1018 during (a) the coupling of the first tubular member
1010 to the second tubular member 1036, (b) the placement of the first and second tubular members in
the structure 32, and (c) the radial expansion and plastic deformation of the first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 1018 protects the
exterior surfaces of the end portions, 1014 and 1034, of the first and second tubular members, 1010
and 1036, during handling and insertion of the tubular members within the structure 32. In this

manner, damage to the exterior surfaces of the end portions, 1014 and:1034, of the first and second
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tubular members, 1010 and 1036, are prevented that could result in stress concentrations that could
result in a catastrophic failure during subsequent radial expansion operations. Furthermore, the tubular
sleeve 1018 provides an alignment guide that facilitates the insertion and threaded coupling of the
second tubular member 1036 to the first tubular member 1010. In this manner, misalignment that
could result in damage to the threaded connections, 1012 and 1032, of the first and second tubular
members, 1010 and 1036, may be avoided. Furthermore, the tubular sleeve 1018 may prevent crack
propagation during the radial expansion and plastic deformation of the first and second tubular
members, 1010 and 1036. In this manner, failure modes such as, for example, longitudinal cracks in
the end portions, 1014 and 1034, of the first and second tubular members may be limited in severity or
eliminated all together. In addition, after completing the radial expansian and plastic deformation of
the first and second tubular members, 1010 and 1036, the tubular sleeve 1018 may provide a fluid tight
metal-to-metal seal between interior surface of the tubular sleeve and the exterior surfaces of the end
portions, 1014 and 1034, of the first and second tubular members. In this manner, fluidic materials are
prevented from passing through the threaded connections, 1012 and 1032, of the first and second
tubular members, 1010 and 1036, into the annulus between the first and-second tubular members and
the structure 32. Furthermore, because, following the radial expansion and plastic deformation of the
first and second tubular members, 1010 and 1036, the tubular sleeve 1018 may be maintained in
circumferential tension and the end portions, 1014 and 1034, of the first and second tubular members,
1010 and 1036, may be maintained in circumferential compression, axial loads and/or torque loads
may be transmitted through the tubular sleeve. In addition, the annular sealing members, 1020 and
1022, of the tubular sleeve 1018 may provide a fluid tight seal between the tubular sleeve and the end
portions, 1014 and 1034, of the first and second tubular members, 1010 and 1036. F urthermore, the
tubular sleeve 1018 may also increase the collapse strength of the end portions, 1014 and 1034, of the
first and second tubular members, 1010 and 1036.

- {00124]  Referring to Fig. 9a, a first tubular member 1110 includes an internally threaded
connection 1112 at an end portion 1114. As illustrated in Fig. 9b, a first end of a tubular sleeve 1116
having tapered portions, 1118 and 1120, at opposite ends, is then mounted upon and receives the end
portion 1114 of the first tubular member 1110. In an exemplary embodiment, a toothed resilient
retaining ring 1122 is then attached to first tubular member 1010 below the end of the tubular sleeve
1116 in order to couple the tubular sieeve to the first tubular member.

[00125)  As illustrated in Fig. 9c, an extemnally threaded connection 1124 of an end portion 1126 of
a second tubular member 1128 is then positioned within the tubular sleeve 1116 and threadably
coupled to the internally threaded connection 1112 of the end portion 1114 of the first tubular member
1110. In an exemplary embodiment, a toothed resilient retaining ring 1130 is then attached to second
tubular member 1128 above the end of the tubular sleeve 1116 in order to couple the tubular sleeve to

the second tubular member.
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[00126) In an exemplary embodiment, the internally threaded connection 1112 of the end portion
1114 of the first tubular member 1110 is a box connection, and the externally threaded connection
1124 of the end portion 1126 of the second tubular member 1128 is a pin connection. In an exemplary
embodiment, the internal diameter of the tubular sleeve 1116 is at least approximately .020" greater
than the outside diameters of the end portions, 1114 and 1126, of the first and second tubular members,
1110 and 1128. In this manner, during the threaded coupling of the first and second tubular members,
1110 and 1128, fluidic materials within the first and second tubular members may be vented from the
tubular members.

[00127]  In anexemplary embodiment, as illustrated in Figs. 9d and 9e, the first and second tubular
members, 1110 and 1128, and the tubular sleeve 1116 may then be positioned within another structure
32 such as, for example, a wellbore, and radially expanded and plastically deformed, for example, by
moving an expansion cone 34 through the interiors of the first and second tubular members. The
movement of the expansion cone 34 through the interiors of the first and second tubular members,
1110 and 1128, may be from top to bottom or from bottom to top.

[00128]  In an exemplary embodiment, during the radial expansion and plastic deformation of the
first and second tubular members, 1110 and 1128, the tubular sleeve 1116 s also radially expanded
and plastically deformed. In an exemplary embodiment, as a result, the tubular sleeve 1116 may be
maintained in circumferential tension and the end portions, 1114 and 1126, of the first and second
tubular members, 1110 and 1128, may be maintained in circumferential compression.

[00129]  The use of the tubular sleeve 1116 during (a) the coupling of the first tubular member
1110 to the second tubular member 1128, (b) the placement of the first and second tubular members in
the structure 32, and (c) the radial expansion and plastic deformation of the first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 1116 protects the
exterior surfaces of the end portions, 1114 and 1126, of the first and sécond tubular members, 1110
and 1128, during handling and insertion of the tubular members within the structure 32. In this
manner, damage to the exterior surfaces of the end portions, 1114 and 1126, of the first and second
tubular members, 1110 and 1128, are prevented that could result in stress concentrations that could
result in a catastrophic failure during subsequent radial expansion operations. Furthermore, the tubular
sleeve 1116 provides an alignment guide that facilitates the: insertion dnd threaded coupling of the
second tubular member 1128 to the first tubular member 11 10. In‘this manner, misalignment that
could result in damage to the threaded connections, 1112 and 1124, of the first and second tubular
members, 1110 and 1128, may be avoided. Furthermore, the tubular sleeve 1116 may prevent crack
propagation during the radial expansion and plastic deformation of the: first and second tubular
members, 1110 and 1128. In this manner, failure modes such as, for example, longitudinal cracks in
the end portions, 1114 and 1126, of the first and second tubular members may be limited in severity or

eliminated all together. In addition, after completing the radial expansion and plastic deformation of
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the first and second tubular members, 1110 and 1128, the tubular sleeve 1116 may provide a fluid tight
metal-to-metal seal between interior surface of the tubular sleeve and the exterior surfaces of the end
portions, 1114 and 1 128, of the first and second tubular members. In this manner, fluidic materials are
prevented from passing through the threaded connections, 1112 and 1124, of the first and second
tubular members, 1110 and 1128, into the annulus between the first and second tubular members and
the structure 32. Furthermore, because, following the radial expansion and plastic deformation of the
first and second tubular members, 1110 and 1128, the tubular sleeve 1116 may be maintained in
circumferential tension and the end portions, 1114 and 1126, of the first and second tubular members,
1110 and 1128, may be maintained in circumferential compression, axial loads and/or torque loads
may be transmitted through the tubular sleeve. In addition, the tubular sleeve 1116 may also increase
the collapse strength of the end portions, 1114 and 1126, of the first and second tubular members.
[00130)  Referring to Fig. 10a, a first tubular member 1210 includes an intemnally threaded
connection 1212 at an end portion 1214. As illustrated in Fig. 10b, a first end of a tubular sleeve 1216
having tapered portions, 1218 and 1220, at one end and tapered portions, 1222 and 1224, at another
end, is then mounted upon and receives the end portion 1114 of the first tubular member 1110. In an
exemplary embodiment, a resilient elastomeric O-ring 1226 is then positioned on the first tubular
member 1210 below the tapered portion 1224 of the tubular sleeve 1216 in order to couple the tubular
sleeve to the first tubular member.

[00131]  Asillustrated in Fig. 10c, an externally threaded connection 1228 of an end portion 1230
of a second tubular member 1232 is then positioned within the tubular sleeve 1216 and threadably
coupled to the internally threaded connection 1212 of the end portion 1214 of the first tubular member
1210. In an exemplary embodiment, a resilient elastomeric O-ring 1234 is then positioned on the
second tubular member 1232 below the tapered portion 1220 of the tubular sleeve 1216 in order to
couple the tubular sleeve to the first tubular member.

[00132]  In an exemplary embodiment, the intemally threaded connection 1212 of the end portion
1214 of the first tubular member 1210 is a box connection, and the externally threaded connection
1228 of the end portion 1230 of the second tubular member 1232 is a pin connection. In an exemplary
embodiment, the internal diameter of the tubular sleeve 1216 is at least approximately .020" greater
than the outside diameters of the end portions, 1214 and 1230, of the first and second tubular members,
1210 and 1232. In this manner, during the threaded coupling of the first and second tubular members,
1210 and 1232, fluidic materials within the first and second tubular members may be vented from the
tubular members. :

[00133]  In an exemplary embodiment, as illustrated in Figs. 10d and 10e, ihe first and second
tubular members, 1210 and 1232, and the tubular sleeve 1216 may then be positioned within another
structure 32 such as, for example, a wellbore, and radially expanded and plastically deformed, for

example, by moving an expansion cone 34 through the interiors of the first and second tubular
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members. The movement of the expansion cone 34 through the interiors of the first and second tubular
members, 1210 and 1232, may be from top to bottom or from bottom to top.

[00134]  Inan exemplary embodiment, during the radial expansion and plastic deformation of the
first and second tubular members, 1210 and 1232, the tubular sleeve 1216 is also radially expanded
and plastically deformed. In an exemplary embodiment, as a result, the tubular sleeve 1216 may be
maintained in circumferential tension and the end portions, 1214 and 1230, of the first and second
tubular members, 1210 and 1232, may be maintained in circumferential compression.

[00135]  The use of the tubular sleeve 1216 during (a) the coupling of the first tubular member
1210 to the second tubular member 1232, (b) the placement of the first and second tubular members in
the structure 32, and (c) the radial expansion and plastic deformation of the first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 1216 protects the
exterior surfaces of the end portions, 1214 and 1230, of the first and second tubular members, 1210
and 1232, during handling and insertion of the tubular members within the structure 32. In this
manner, damage to the exterior surfaces of the end portions, 1214 and 1230, of the first and second
tubular members, 1210 and 1232, are prevented that could result in stress concentrations that could
result in a catastrophic failure during subsequent radial expansion operations. Furthermore, the tubular
sleeve 1216 provides an alignment guide that facilitates the insertion and threaded coupling of the
second tubular member 1232 to the first tubular member 1210. In this manner, misalignment that
could result in damage to the threaded connections, 1212 and 1228, of the first and second tubular
members, 1210 and 1232, may be avoided. Furthermore, the tubular sleeve 1216 may prevent crack
propagation during the radial expansion and plastic deformation of the first and second tubular
members, 1210 and 1232. In this manner, failure modes such as, for example, longitudinal cracks in
the end portions, 1214 and 1230, of the first and second tubular members may be limited in severity or
eliminated all together. In addition, after completing the radial expansion and plastic deformation of
the first and second tubular members, 1210 and 1232, the tubular sleeve 1216 may provide a fluid tight
metal-to-metal seal between interior surface of the tubular sleeve and the exterior surfaces of the end
portions, 1214 and 1230, of the first and second tubular members. Inthis manner, fluidic materials are
prevented from passing through the threaded connections, 1212 and 1228, of the first and second
tubular members, 1210 and 1232, into the annulus between the first and second tubular members and
the structure 32. Furthermore, because, following the radial expansion and plastic deformation of the
first and second tubular members, 1210 and 1232, the tubular sleeve 1216 may be maintained in
circumferential tension and the end portions, 1214 and 1230, of the first and second tubular members,
1210 and 1232, may be maintained in circumferential compression, axial loads and/or torque loads
may be transmitted through the tubular sleeve. In addition, the tubular sleeve 1216 may also increase

the collapse strength of the end portions, 1214 and 1230, of the first and second tubular members 1210
and 1232.
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[00136]  Referring to Fig. 11a, a first tubular member 1310 includes an intemally threaded
connection 1312 at an end portion 1314, As illustrated in Fig. 11b, a first end of a tubular sleeve 1316
having tapered portions, 1318 and 1320, at opposite ends is then mounted upon and receives the end
portion 1314 of the first tubular member 1310. In an exemplary embodiment, an annular resilient
retaining member 1322 is then positioned on the first tubular member 1310 below the bottom end of
the tubular sleeve 1316 in order to couple the tubular sleeve to the first tubular member.

[00137]  Asillustrated in Fig. 11c, an externally threaded connection 1324 of an end portion 1326
of a second tubular member 1328 is then positioned within the tubular sleeve 13 16 and threadably
coupled to the internally threaded connection 1312 of the end portion 1314 of the first tubular member
1310. In an exemplary embodiment, an annular resilient retaining member 1330 is then positioned on
the second tubular member 1328 above the top end of the tubular sleeve 1316 in order to couple the
tubular sleeve to the second tubular member.

[00138]  In an exemplary embodiment, the internally threaded connection 1312 of the end portion
1314 of the first tubular member 1310 is a box connection, and the externally threaded connection
1324 of the end portion 1326 of the second tubular member 1328 is a pin connection. In an exemplary
embodiment, the internal diameter of the tubular sleeve 1316 is at least approximately .020" greater
than the outside diameters of the end portions, 1314 and 1326, of the first and second tubular members,
1310 and 1328. Tn this manner, during the threaded coupling of the first and second tubular members,
1310 and 1328, fluidic materials within the first and second tubular members may be vented from the
tubular members.

[00139]  [n an exemplary embodiment, as illustrated in Figs. 11d and 11e, the first and second
tubular members, 1310 and 1328, and the tubular sieeve 1316 may then be positioned within another
structure 32 such as, for example, a wellbore, and radially expanded and plastically deformed, for
example, by moving an expansion cone 34 through the interiors of the first and second tubular
members. The movement of the expansion cone 34 through the interiors of the first and second tubular
members, 1310 and 1328, may be from top to bottom or from bottom to top.

[00140]  Inan exemplary embodiment, during the radial expansion and plastic deformation of the
first and second tubular members, 1310 and 1328, the tubular sleeve 1316 is also radially expanded
and plastically deformed. In an exemplary embodiment, as a result, the tubular sleeve 1316 may be
maintained in circumferential tension and the end portions, 1314 and 1326, of the first and second
tubular members, 1310 and 1328, may be maintained in circumferential compression.

[00141])  The use of the tubular sleeve 1316 during (a) the coupling of the first tubular member
1310 to the second tubular member 1328, (b) the placement of the first and second tubular members in
the structure 32, and (c) the radial expansion and plastic deformation of the first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 1316 protects the

exterior surfaces of the end portions, 1314 and 1326, of the first and second tubular members, 1310
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and 1328, during handling and insertion of the tubular members within the structure 32. In this
manner, damage to the exterior surfaces of the end portions, 1314 and 1326, of the first and second
tubular members, 1310 and 1328, are prevented that could result in stréss concentrations that could
result in a catastrophic failure during subsequent radial expansion operations. Furthermore, the tubular
sleeve 1316 provides an alignment guide that facilitates the insertion and threaded coupling of the
second tubular member 1328 to the first tubular member 1310. In this manner, misalignment that
could result in damage to the threaded connections, 1312 and 1324, of the first and second tubular
members, 1310 and 1328, may be avoided. Furthermore, the tubular sleeve 1316 may prevent crack
propagation during the radial expansion and plastic deformation of the first and second tubular
members, 1310 and 1328. In this manner, failure modes such as, for example, longitudinal cracks in
the end portions, 1314 and 1326, of the first and second tubular members may be limited in severity or
eliminated all together. In addition, after completing the radial expansion and plastic deformation of
the first and second tubular members, 1310 and 1328, the tubular sleeve 1316 may provide a fluid tight
metal-to-metal seal between interior surface of the tubular sleeve and the exterior surfaces of the end
portions, 1314 and 1326, of the first and second tubular members. In this manner, fluidic materials are
prevented from passing through the threaded connections, 1312 and 1324, of the first and second
tubular members, 1310 and 1328, into the annulus between the first and second tubular members and
the structure 32. Furthermore, because, following the radial expansion and plastic deformation of the
first and second tubular members, 1310 and 1328, the tubular sleeve 1316 may be maintained in
circumferential tension and the end portions, 1314 and 1326, of the first and second tubular members,
1310 and 1328, may be maintained in circumferential compression, axial loads ahd/or torque loads
may be transmitted through the tubular sleeve. In addition, the tubular sleeve 1316 may also increase
the collapse strength of the end portions, 1314 and 1326, of the first and second tubular members, 1310
and 1328.
(00142]  Referring to Fig. 124, a first tubular member 1410 includes an intemally threaded
connection 1412 and an annular recess 1414 at an end portion 1416. As illustrated in Fig. 12b, a first
end of a tubular sleeve 1418 that includes an external flange 1420 and tapered portions, 1422 and
1424, at opposite ends is then mounted within the end portion 1416 of the first tubular member 1410.
In an exemplary embodiment, the external flange 1420 of the tubular sleeve 1418 is received within

- and is supported by the annular recess 1414 of the end portion 1416 of the first tubular member 1410.
As illustrated in Fig. 12c, an externally threaded connection 1426 of an end portion 1428 of a second
tubular member 1430 is then positioned around a second end of the tubular sleeve 1418 and threadably
coupled to the internally threaded connection 1412 of the end portion 1414 of the first tubular member
1410. In an exemplary embodiment, the external flange 1420 of the tubular sleeve 1418 mates with
and is received within the annular recess 1416 of the end portion 1414 of the first tubular member

1410, and th external flange of the tubular sleeve is retained in the annular recess by the end portion
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1428 of the second tubular member 1430, Thus, the tubular sleeve 1416 is coupled to and is
surrounded by the internal surfaces of the first and second tubular members, 1410 and 1430.

{00143)  Inan exemplary embodiment, the internally threaded conaection 1412 of the end portion
1414 of the first tubular member 1410 is a box connection, and the externally threaded connection
1426 of the end portion 1428 of the second tubular member 1430 is a pin connection. In an exemplary
embodiment, the external diameter of the tubular sleeve 1418 is at least approximately .020" less than
the inside diameters of the first and second tubular members, 1410 and 1430. In this manner, during
the threaded coupling of the first and second tubular members, 1410 and 1430, fluidic materials within
the first and second tubular members may be vented from the tubular members.

[00144]  In an exemplary embodiment, as illustrated in F igs. 12d and 12e, the first and second
tubular members, 1410 and 1430, and the tubular sleeve 1418 may then be positioned within another
structure 32 such as, for example, a wellbore, and radially expanded and plastically deformed, for
example, by moving an expansion cone 34 through the interiors of the first and second tubular
members. The tapered portions, 1422 and 1424, of the tubular sleeve 1418 facilitate the movement of
the expansion cone 34 through the first and second tubular members, 1410 and 1430, and the
movement of the expansion cone 34 through the interiors of the first and second tubular members,
1410 and 1430, may be from top to bottom or from bottom to top.

[00145)  In an exemplary embédiment, during the radial expansion and plastic deformation of the
first and second tubular members, 1410 and 1430, the tubular sleeve 1418 is also radially expanded
and plastically deformed. In an exemplary embodiment, as a result, the tubular sleeve 1418 may be
maintained in circumferential compression and the end portions, 1414 and 1428, of the first and second
tubular members, 1410 and 1430, may be maintained in circumferential tension.

[00146] In several alternative embodiments, the first and second tubular members, 1410 and 1430,
are radially expanded and plastically deformed using other conventional methods for radially
expanding and plastically deforming tubular members such as, for example, internal pressurization
and/or roller expansion devices.

[00147) The use of the tubular sleeve 1418 during (a) the coupling of the first tubular member
1410 to the second tubular member 1430, (b) the placement of the first:and second tubular members in
the structure 32, and (c) the radial expansion and plastic deformation of the first and second tubular
members provides a number of significant benefits. For example, the tubular sleeve 1418 provides an
alignment guide that facilitates the insertion and threaded coupling of the second tubular member 1430
to the first tubular member 1410. In this manner, misalignment that could result in damage to the
threaded connections, 1412 and 1426, of the first and second tubular members, 1410 and 1430, may be
avoided. In addition, during the relative rotation of the second tubular member with respect to the first
tubular member, required during the threaded coupling of the first and second tubular members, the

tubular sleeve 1418 provides an indication of to what degree the first and second tubular members are
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threadably coupled. For example, if the tubular sleeve 1418 can be easily rotated, that would indicate
that the first and second tubular members, 1410 and 1430, are not fully threadably coupled and in
intimate contact with the internal flange 14290 of the tubular sleeve. Farthermore, the tubular sleeve
1418 may prevent crack propagation during the radial expansion and plastic deformation of the first
and second tubular members, 1410 and 1430. In this manner, failure modes such as, for example,
longitudinal cracks in the end portions, 1414 and 1428, of the first and second tubular members may be
limited in severity or eliminated all together. In addition, after completing the radial expansion and
plastic deformation of the first and second tubular members, 1410 and 1430, the tubular sleeve 1418
may provide a fluid tight metal-to-metal seal between the exterior surface of the tubular sleeve and the
interior surfaces of the end portions, 1414 and. 1428, of the first and second tubular members. In this

- manner, fluidic materials are prevented from passing through the threaded connections, 1412 and 1426,
of the first and second tubular members, 1410 and 1430, into the annulus between the first and second
tubular members and the structure 32. Furthermore, because, following the radial expansion and
plastic deformation of the first and second tubular members, 1410 and 1430, the tubular sleeve 1418
may be maintained in circumferential compression and the end portions, 1414 and 1428, of the first
and second tubular members, 1410 and 1430, may be maintained in circumferential tension, axial loads
and/or torque loads may be transmitted through the tubular sleeve. In addition, the tubular sleeve 1418
may also increase the collapse strength of the end portions, 1414 and 1428, of the first and second
tubular members, 1410 and 1430.
[00148]  Referring to Fig. 134, an end of a first tubular member 1510 is positioned within and
coupled to an end of a tubular sleeve 1512 having an internal flange 1514. In an exemplary
embodiment, .the end of the first tubular member 1510 abuts one side of the internal flange 1514. As
illustrated in Fig. 13b, an end of second tubular member 1516 is then positioned within and coupled to
another end of the tubular sleeve 1512. In an exemplary embodiment, the end of the second tubular
member 1516 abuts another side of the internal flange 1514. In an exémplary embodiment, the tubular
sleeve 1512 is coupled to the ends of the first and second tubular members, 1510 and 1516, by
expanding the tubular sleeve 1512 using heat and then inserting the edds of the first and second tubular
members into the expanded tubular sleeve 1512. Afier cooling the tubular sleeve 1512, the tubular
sleeve is coupled to the ends of the first and second tubular members, 1510 and 1516.
[00149]  In an exemplary embodiment, as illustrated in Figs. 13c and 13d, the first and second
tubular members, 1510 and 1516, and the tubular sleeve 1512 may then be positioned within another
structure 32 such as, for example, a wellbore, and radially expanded and plastically deformed, for
example, by moving an expansion cone 34 through the interiors of the first and second tubular
members. The movement of the expansion cone 34 through the interiors of the first and second tubular
members, 1510 and 1516, may be from top to bottom or from bottom to top.

[00150]  In an exemplary embodiment, during the radial expansion and plastic deformation of the
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first and second tubular members, 1510 and 1516, the tubular sleeve 1312 is also radially expanded
and plastically deformed. In an exemplary embodiment, as a result, the tubular sleeve 1512 may be
maintained in circumferential tension and the ends of the first and second tubular members, 1510 and
1516, may be maintained in circumferential compression.

[00151]  The use of the tubular sleeve 1512 during (a) the placement of the first and second tubular
members, 1510 and 1516, in the structure 32 and (b) the radial expansion and plastic deformation of
the first and second tubular members provides a number of significant benefits. For example, the
tubular sleeve 1512 may prevent crack propagation during the radial expansion and plastic deformation
of the first and second tubular members, 1510 and 1516. In this manner, failure modes such as, for
example, longitudinal cracks in the ends of the first and second tubular members, 1510 and 1516, may
be limited in severity or eliminated all together. In addition, after completing the radial expansion and
plastic deformation of the first and second tubular members, 1510 and 1516, the tubular sleeve 1512
may provide a fluid tight metal-to-metal seal between the exterior surface of the tubular sleeve and the
interior surfaces of the end of the first and second tubular members. Furthermore, because, following
the radial expansion and plastic deformation of the first and second tubular members, 1510 and 1516,
the tubular sleeve 1512 may be maintained in circumferential compression and the ends of the first
and second tubular members, 1510 and 1516, may be maintained in circumferential tension, axial loads
and/or torque loads may be transmitted through the tubular sleeve. In addition, the tubular sleeve 1512
may also increase the collapse strength of the end portions of the first and second tubular members,
1510 and 1516.

[00152]  Refermring to Fig. 14a, a first tubular member 1610 includes a resilient retaining ring 1612
mounted within an annular recess 1614. As illustrated in Fig. 14b, the end of the first tubular member
1610 is then inserted into and coupled to an end of a tubular sleeve 1616 including an internal flange
1618 and annular recesses, 1620 and 1622, positioned on opposite sides of the internal flange, tapered
portions, 1624 and 1626, on one end of the tubular sleeve, and tapered portions, 1628 and 1630, on the
other end of the tubular sleeve. In an exemplary embodiment, the resilient retaining ring 1612 is
thereby positioned at least partially in the annular recesses, 1614 and 1620, thereby coupling the first
tubular member 1610 to the tubular sleeve 1616, and the end of the first tubular member 1610 abuts
one side of the internal flange 1618. During the coupling of the first tubular member 1610 to the
tubular sleeve 1616, the tapered portion 1630 facilitates the radial compression of the resilient retaining
ring 1612 during the insertion of the first tubular member into the tubular sleeve.

{00153] As illustrated in Fig. 14c, an end of a second tubular member 1632 that includes a resilient
retaining ring 1634 mounted within an annular recess 1636 is then inserted into and coupled to another
end of the tubular sleeve 1616. In an exemplary embodiment, the resilient retaining ring 1634 is
thereby positioned at least partially in th annular recesses, 1636 and 1622, thereby coupling the

second tubular member 1632 to the tubular sleeve 1616, and the end of the second tubular member
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1632 abuts another side of the internal flange 1618. During the coupling of the second tubular member
1632 to the wbular sleeve 1616, the tapered portion 1626 facilitates the radial compression of the
resilient retaining ring 1634 during the insertion of the second tubular member into the tubular sleeve.
[00154]  Inan exemplary embodiment, as illustrated in Figs. 14d and 14e, the first and second
tubular members, 1610 and 1632, and the tubular sleeve 1616 may then be positioned within another
structure 32 such as, for example, a welbore, and radially expanded and plastically deformed, for
example, by moving an expansion cone 34 through the interiors of the first and second tubular
members. The movement of the expansion cone 34 through the interiors of the first and second tubular
members, 1610 and 1632, may be from top to bottom or from bottom to top.

[00155]  In an exemplary embodiment, during the radial expansion and plastic deformation of the
first and second tubular members, 1610 and 1632, the tubullar sleeve 1616 is also radially expanded
and plastically deformed. In an exemplary embodiment, as a result, the tubular sleeve 1616 may be
maintained in circumferential tension and the ends of the first and second tubular members, 1610 and
1632, may be maintained in circumferential compression.

[00156]  The use of the tubular sleeve 1616 during (a) the placement of the first and second tubular
members, 1610 and 1632, in the structure 32, and (b) the radial expansion and plastic deformation of
the first and second tubular members provides a number of significant benefits. For example, the
tubular sleeve 1616 protects the exterior surfaces of the ends of the first and second tubular members,
1610 and 1632, during handling and insertion of the tubular members within the structure 32. In this
manner, damage to the exterior surfaces of the ends of the first and second tubular member, 1610 and
1632, are prevented that could result in stress concentrations that could result in a catastrophic failure
during subsequent radial expansion operations. Furthermore, the tubular sleeve 1616 may prevent
crack propagation during the radial expansion and plastic deformation of the first and second tubular
members, 1610 and 1632. In this manner, failure modes such as, for éxample, longitudinal cracks in
the ends of the first and second tubular members, 1610 and 1632, may be limited in severity or
eliminated all together. In addition, after completing the radial expansion and plastic deformation of
the first and second tubular members, 1610 and 1632, the tubular sleeve 1616 may provide a fluid tight
metal-to-metal seal between interior surface of the tubular sleeve and the exterior surfaces of the ends
of the first and second tubular members. Furthermore, because, following the radial expansion and
plastic deformation of the first and second tubular members, 1610 and 1632, the tubular sleeve 1616
may be maintained in circumferential tension and the ends of the first and second tubular members,
1610 and 1632, may be maintained in circumferential compression, axial loads and/or torque loads
may be transmitted through the tubular sleeve. In addition, the tubular sleeve 1616 may also increase
the collapse strength of the end portions of th _first and second tubular members, 1610 and 1632.
[00157]  Referring to Fig. 15a, a first tubular member 1 700 defines a passage 1702 and a
counterbore 1704 at an end portion 1706. The counterbore 1704 includes a tapered shoulder 1708, an
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annular recess 1710, non-tapered internal threads, 1712, and tapered internal threads 1714. A second
tubular member 1716 that defines a passage 1718 includes a recessed portion 1720 atan end portion
1722 that includes a tapered end portion 1724 that is adapted to mate with the tapered shoulder 1708 of
the counterbore 1704 of the first tubular member 1700, non-tapered external threads 1726 adapted to
mate with the non-tapered intemal threads 1712 of the counterbore of the first tubular member, and
tapered external threads 1728 adapted to mate with the tapered internal:threads 1714 of the counterbore
of the first tubular member. A sealing ring 1730 is received within the annular recess 1710 of the
counterbore 1704 of the of the first tubular member 1700 for fluidicly sealing the interface between the
counterbore of the first tubular member and the recessed portion 1720 of the second tubular member
1716. In an exemplary embodiment, the threads, 1712, 1714, 1726, and 1728, are left-handed threads
in order to prevent de-coupling of the first and second tubular members, 1700 and 1716, during
placement of the tubular members within the structure 32. In an exemplary embodiment, the sealing -
ring 1730 is an elastomeric sealing ring. _
[00158] A tubular sleeve 1732 that defines a passage 1734 for receiving the end portions, 1706 and
1722, of the first and second tubular members, 1700 and 1716, respectively, includes an internal flange
1736 that mates with and is received within an annular recess 1738 that is defined between an end face
1740 of the end portion of the first tubular member and an end face 1742 of the recessed portion 1720
of the end portion of the second tubular member. In this manner, the tubular sleeve 1732 is coupled to
the first and second tubular members, 1700 and 1716. The tubular slegve 1732 further includes first
and second internal annular recesses, 1744 and 1746, internal tapered flanges, 1748 and 1750, and
external tapered flanges, 1752 and 1754.

[00159]  Sealing members, 1756 and 1758, are received within and mate with the internal annular
recesses, 1744 and 1746, respectively, of the tubular sleeve 1732 that fluidicly seal the interface
between the tubular sleeve and the first and second tubular members, 1700 and 1716, respectively. A
sealing member 1760 is coupled to the exterior surface of the tubular sleeve 1732 for fluidicly sealing
the interface between the tubular sleeve and the interior surface of the preexisting structure 32
following the radial expansion of the first and second tubular members, 1700 and 1716, and the tubular
sleeve using the expansion cone 34. In an exemplary embodiment, the sealing members, 1756 and
1758, may be, for example, elastomeric or non-elastomeric sealing members fabricated from nitrile,
viton, or Teflon< materials. In an exemplary embodiment, the sealing member 1760 is fabricated from
an elastomeric material.

{00160]  In an exemplary embodiment, during the radial expansion and plastic deformation of the
first and second tubular members, 1700 and 1716, the tubular sleeve 1732 is also radially expanded
and plastically deformed. In an exemplary embodiment, as a result of the radial expansion, the tubular
sleeve 1732 may be maintained in circumferential tension and the end portions, 1706 and 1722, of the

first and second tubular members, 1700 and 1716, may be maintained in circutﬁferential compression.
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Furthermore, in an exemplary embodiment, during and following the radial expansion and plastic
deformation of th  first and second tubular members, 1700 and 1716, respectively: (a) the sealing
members, 1756 and 1758, of the tubular sleeve 1732 engage and fluidicly seal the interface between
the tubular sleeve and the end portions, 1706 and 1722, of the first and second tubular members, (b)
the internal tapered flanges, 1748 and 1750, of the tubular sleeve engage, and couple the tubular sleeve
to, the end portions of the first and second tubular members, (c) the external tapered flanges, 1752 and
1754, of the tubular sleeve engage, and couple the tubular sleeve to, the structure 32, and (d) the
sealing member 1760 engages and fluidicly seals the interface between the tubular sleeve and the
structure,

[00161]  In several exemplary embodiments, the first and second tubular members, 1700 and 1716,
are radially expanded and plastically deformed using the expansion cane 34 in a conventional manner
and/or using one or more of the methods and apparatus disclosed in one or more of the following: (1)
U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2)
U.S..patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3)
U.S. patent application serial no. 09/502,350, attormey docket no. 25791.8.02, filed on 2/10/2000, (4)
U.S. patent application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5)
U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6)
U.S. patent application serial no. 09/512,895, attorney docket no. 25791. 12.02, filed on 2/24/2000, (7)
U.S. patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, ®
U.S. patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, )]
U.S. patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000,
(10) PCT patent application serial no. PCT/US00/18635, attorney docket no. 25791.25.02, filed on
7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attorney docket no. 25791 .27;
filed on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket no.
25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no.
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent
application serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S.
provisional patent application serial no. 60/212,359, attorney. docket no. 25791.38, filed on 6/ 1912000,
(17) U.S. provisional patent application serial no. 60/165,228, attomey docket no. 25791.39, filed on
11/12/1999, (18) U.S. provisional patent application serial no. 60/221,443, attorney docket no.
25791.45, filed on 7/28/2000, (19) U.S. provisional patent application. serial no. 60/221,645, attorney
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial na.
60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional patent application
serial no. 60/237,334, attorney docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent
application serial no. 60/270,007, attomey docket no. 25791.50, filed on 2/20/2001, (23) U.S.
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provisional patent application serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001,
(24) U.S, provisional patent application serial no. 60/259,486, attorney docket no. 25791.52, filed on
17312001, (25) U.S. provisional patent application serial no. 60/303,740, attorney docket no. 25791.61,
filed on 7/6/2001, (26) U.S. provisional patent application serial no. 60/313,453, attorney docket no.
25791.59, filed on 8/20/2001, (27) U.S. provisional patent application gerial no. 60/317,985, attorney
docket no. 25791.67, filed on 9/6/2001, (28) U.S. provisional patent application serial no.
60/3318,386, attorney docket no. 25791.67.02, filed on 9/ 10/2001, (29) U.S. utility patent application
serial no. 09/969,922, attomey docket no. 25791.69, filed on 10/3/2001, (30) U.S. utility patent
application serial no. 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001; 31) U.S.
provisional patent application serial no. 60/343,674, attorney. docket no. 25791.68, filed on
12/27/2001; (32) U.S. provisional patent application serial no. 60/346,309, attorney docket no
25791.92, filed on 1/7/2002; (33) U.S. provisional patent application serial no. 60/372,048, attomey.
docket no. 25791.93, filed on 4/12/2002; (34) U.S. provisional patent application serial no.
60/380,147, attorney docket no. 25791.104, filed on 5/6/2002; (35) Us. provisional patent application
serial no. 60/387,486, attorney docket no. 25791.107, filed on 6/10/2002; (36) U.S. provisional patent
application serial no. 60/387,961, attorney docket no. 25791.108, filed-on 6/12/2002; 37) U.S.
provisional patent application serial no. 60/391,703, attorney docket no. 25791.90, filed on 6/26/2002;
and (38) U.S. provisional patent application serial no. 60/397,284, attorney docket no. 25791.106, filed
on 7/19/2002, the disclosures of which are incorporated herein by reference.

[00162] In several alternative embodiments, the first and second tubular members, 1700 and 1716,
are radially expanded and plastically deformed using other conventional methods for radially
expanding and plastically deforming tubular members such as, for example, internal pressurization
and/or roller expansion devices such as, for example, that disclosed in U.S. patent application
publication no. US 2001/0045284 Al, the disclosure of which is incorporated herein by reference.
[00163]  The use of the tubular sleeve 1732 during (a) the threaded coupling of the first tubular
member 1700 to the second tubular member 1716, (b) the placement df the first and second tubular
members in the structure 32, and (c) the radial expansion and plastic deformation of the first and
second tubular members provides a number of significant benefits. For example, the tubular sleeve
1732 protects the exterior surfaces of the end portions, 1706 and 1722, of the first and second tubular
members, 1700 and 1716, during handling and insertion of the tubular members within the structure
32. In this manner, damage to the exterior surfaces of the end portion:s, 1706 and 1722, of the first and
second tubular member, 1700 and 1716, are prevented that could result in stress concentrations that
could result in a catastrophic failure during subsequent radial expansion operations. Furthermore, the
tubular sleeve 1732 provides an alignment guide that facilitates the insertion and threaded coupling of
the second tubular member 1716 to the first tubular member 1700. In this manner, misalignment that
could result in damage to the threaded connections, 1712, 1714, 1726, and 1728, of the first and
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second tubular members, 1700 and 1716, may be avoided. In addition; during the relative rotation of
the second tubular member with respect to the first tubular member, required during t.he threaded
coupling of the first and second tubular members, the mbular sleeve 1732 provides an indication of to
what degree the first and second tubular members are threadably coupled. For example, if the tubular
sleeve 1732 can be easily rotated, that would indicate that the first and second tubular members, 1700
and 1716, are not fully threadably coupled and in intimate contact with the intemal flange 1736 of the
tubular sleeve. Furthermore, the tubular sleeve 1732 may prevent crack propagation during the radial
expansion and plastic deformation of the first and second tubular members, 1700 and 1716. In this
manner, failure modes such as, for example, longitudinal cracks in the-end portions, 1706 and 1722, of
the first and second tubular members may be limited in severity or eliminated all together. In addition,
after completing the radial expansion and plastic deformation of the first and second tubular members,
1700 and 1716, the tubular sleeve 16 may provide a fluid tight metal-to-metal seal between interior
surface of the tubular sleeve and the exterior surfaces of the end portions, 1706 and 1722, of the first
and second tubular members. In this manner, fluidic materials are prevented from passing through the
threaded connections, 1712, 1714, 1726, and 1728, of the first and second tubular members, 1700 and
1716, into the annulus between the first and second tubular members and the structure 32.
Furthermore, because, following the radial expansion and plastic deformation of the first and second
tubular members, 1700 and 1716, the tubular sleeve 1732 may be maintained in circumferential
tension and the end portions, 1706 and 1722, of the first and second tubular members, 1700 and 1716,
may be maintained in circumferential compression, axial loads and/or torque loads may be transmitted
through the tubular sleeve. In addition, the tubular sleeve 1732 may also increase the collapse strength
of the end portions, 1706 and 1722, of the first and second tubular members, 1700 and 1716.

[00164})  In an exemplary experimental implementation, following the radial expansion and plastic
deformation of the first and second tubular members, 1700 and 1716, ﬁnd the tubular sleeve 1732, the
threads, 1712, 1714, 1726, and 1728, of the end portions, 1706 and 1722, of the first and second
tubular members were unexpectedly deformed such that a fluidic seal was unexpectedly formed
between and among the threads of the first and second tubular members. In this manner, a fluid tight
seal was unexpectedly provided between the first and second tubular member, 1700 and 1716, due to
the presence of the tubular sleeve 1732 during the radial expansion and plastic deformation of the end
portions, 1706 and 1722, of the first and second tubular members.

[00165]  In an exemplary embodiment, the rate and degree of radial expansion and plastic
deformation of the first and second tubular members, 1700 and 1716, and the tubular sleeve 1732 are
adjusted to generate sufficient localized heating to result in amorphous bonding or welding of the
threads, 1712, 1714, 1726, and 1728. As a result, the first and second tubular members, 1700 and
1716, may be amdrphously bonded resulting a joint between the first and second tubulars that is nearly

metallurgically homogeneous.
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[00166]  In an altemative embodiment, as illustrated in Fig. 15¢, a metallic foil 1762 of a suitable
alloy is placed between and among the threads, 1712, 1714, 1726, and 1728, and during the radial
expansion and plastic deformation of the first and second tubular members, 1700 and 1716, and the
tubular sleeve 1732, localized heating of the region proximate the threads, 1712, 1714, 1726, and
1728, results in amorphous bonding or a brazing joint of the threads. As a result, the first and second
tubular members, 1700 and 1716, may be amorphously bonded resulting a joint between the first and
second tubulars that is nearly metallurgically homogeneous.

(00167]  In an exemplary embodiment, as illustrated in Fig. 16, a plurality of overlapping wellbore
casing strings 1800a-1800h, are positioned within a borehole 1802 that traverses a subterranean source
1804 of geothermal energy. In this manner, geothermal energy may then be extracted from the
subterranean source 1804 geothermal energy using conventional methods of extraction. In an
exemplary embodiment, one or more of the wellbore casing strings 1800 include one or more of the
first and second tubular members, 10, 28, 910, 938, 1010, 1036, 1110, 1128, 1210, 1232, 1310, 1328,
1410, 1430, 1510, 1516, 1610, 1632, 1700 and/or 1716, that are coupled end-to-end and include one
or more of the tubular sleeves, 16, 110, 210, 310, 410, 510,610, 710, 810, 918, 1018, 1116, 1216,
1316, 1418, 1512, 1616 and/or 1732.

[00168] In an exemplary embodiment, the wellbore casing strings, 1800a-1800h, are radially
expanded and plastically deformed in overlapping fashion within the borehole 1802.

[00169]  For example, the wellbore casing string 1800a is positioned within the borehole 1802 and
then radially expanded and plastically deformed. The wellbore casing string 1800b is then positioned
within the borehole 1802 in overlapping relation to the wellbore casing string 1800a and then radially
expanded and plastically deformed. In this manner, a mono-diameter wellbore casing may be formed
that includes the overlapping wellbore casing strings 1800a and 1800b. This process may then be
repeated for wellbore casing strings 1800c-1800h. As a result, a mono-diameter wellbore casing may
be produced that extends from a surface location to the source 1804 of geothermal energy in which the
inside diameter of a passage 1806 defined by. the interiors of the wellbore casing strings 1800a-1800h 4
is constant. In this manner, the geothermal energy from the source 1804 may be efficiently and
economically extracted. Furthermore, because variations in the inside diameter of the wellbore casing
strings 1800 is eliminated by the resulting mono-diameter design, the depth of the borehole 1802 may
be virtually limitless. As a result, using the teachings of the present exemplary embodiments, sources
of geothermal energy can now be extracted from depths of over 50,000 feet.

[00170]  In several exemplary embodiments, the wellbore casing strings 1800a-1800h are radially
expanded and plastically deformed using the expansion cone 34 using one or more of the methods and
apparatus disclosed in one or more of the following: (1) U.S. patent application serial no. 09/454,139,
attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913,
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350,
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attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338,
attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460,
attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application serial no. 09/512,895,
attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941,
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946,
attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122,
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no.
PCT/US00/18635, attormey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent
application serial no. 60/162,671, attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S.
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999,
(13) U.S. provisional patent application serial no. 60/159,082, attomey docket no. 25791.34, filed on
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney docket no.

25791 .36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no.
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application
serial no. 60/165,228, attomey docket no. 25791.39, filed on 11/12/1999, (18) U.S. provisional patent
application serial no. 60/221,443, attorney. docket no. 25791.45, filed on 7/28/2000, (19) U.S.
provisional patent application serial no. 60/221,645, attomey docket no. 25791.46, filed on 7/28/2000,
(20) U.S. provisional patent application serial no. 60/233,638, attorney docket no. 25791.47, filed on
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney docket no. '
25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney
docket 10. 25791.50, filed on 2/20/2001, (23) U.S. provisional patent application serial no.
60/262,434, attorney docket no. 25791.51, filed on 1/17/2001, (24) U.S, provisional patent application
serial no. 60/259,486, attorney docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent
application serial no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S.
provisional patent application serial no. 60/313,433, attorney docket no. 25791.59, filed on 8/20/2001,
(27) U.S. provisional batent application serial no. 60/317,985, attomey docket no. 25791.67, filed on
9/6/2001, (28) U.S. provisional patent application serial no. 60/3318,386, attorney. docket no.
25791.67.02, filed on 9/10/2001, (29) U.S. utility patent application serial no. 09/969,922, attorney
docket no. 25791.69, filed on 10/3/2001, (30) U.S. utility patent application serial no. 10/016,467,
attorney docket no. 25791.70, filed on 12/10/2001; 31) U.S. provisional patent application serial no.
60/343,674, attorney docket no. 25791.68, filed on 12/27/2001; (32) U.S. provisional patent
application serial no. 60/346,309, attorney docket no 25791.92, filed on 1/7/2002; (33)US.
provisional pat nt application serial no. 60/372,048, attorney docket no. 25791.93, filed on 4/12/2002;
(34) U.S. provisional patent application serial no. 60/380,147, attornay docket no. 25791.104, filed on
5/6/2002; (35) U.S. provisional patent application serial no. 60/387,486, attorney docket no.
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25791.107, filed on 6/10/2002; (36) U.S. provisional patent application serial no. 60/387,961, attorney
docket no. 25791.108, filed on 6/12/2002; (37) U.S. provisional patent application serial no.
60/391,703, attorney docket no. 25791.90, filed on 6/26/2002; and (38) U.S. provisional patent
application serial no. 60/397,284, attorney docket no. 25791.106, filed on 7/19/2002, the disclosures of
which are incorporated herein by reference.

[00171]  Referring to Fig. 17a, a first tubular member 1900 defines a passage 1902 and a
counterbore 1904 at an end portion 1906. The counterbore 1904 includes non-tapered intemal threads
1908, and tapered intemnal threads 1910. A second tubular member 1912 that defines a passage 1914
includes a recessed portion 1916 at an end portion 1918 that includes non-tapered external threads
1920 adapted to mate with the non-tapered internal threads 1908 of the counterbore of the first tubular
member, and tapered external threads 1922 adapted to mate with the tapered internal threads 1910 of
the counterbore of the first tubular member. In an exemplary embodiment, the threads, 1908, 1910,
1920, and 1922, are left-handed threads in order to prevent de-coupling of the first and second tubular
members, 1900 and 1912, during handling of tubular members.

(00172] A tubular sleeve 1924 that defines a passage 1926 for recejving the end portions, 1906 and
1918, of the first and second tubular members, 1900 and 1912, respectively, includes an internal flange
1928 that mates with and is received within an annular recess 1930 that is defined between an end face
1932 of the end portion of the first tubular member and an end face 1934 of the recessed portion 1916
of the end portion of the second tubular member. In this manner, the tubular sleeve 1924 s coupled to
the first and second tubular members, 1900 and 1912.

[00173]  An adjustable expansion cone 1936 supported by a support member 1938 may then
lowered into the first and second tubular members, 1900 and 1912, to & position proximate the vicinity
of the threads, 1908, 1910, 1920, and 1922. As illustrated in Fig. 17b, The expansion cone 1936 may
then be controllably increased in size until the outside circumference of the expansion cone engages
and radially expands and plastically deforms the end portions of the first and second tubular members,
1900 and 1912, proximate the expansion cone. The expansion cone 1936 may then be displaced in the
longitudinal direction 1940 thereby radially expanding and plastically deforming the remaining
portions of the first and second tubular members, 1900 and 1912, in the vicinity of the threads, 1908,
1910, 1920, and 1922. In several exemplary embodiments, the amount of radial expansion ranged
from less than about one percent to less than about five percent.

(00174]  After completing the radial expansion and plastic deformation of the portions 1942 of the
first and second tubular members, 1900 and 1912, in the vicinity of the-threads, 1908, 1910, 1920, and
1922, the expansion cone 1936 may then be controllably reduced in size until the outside
circumference of the expansion con disengages from the portion of the second tubular above the
portion of the second tubular member in the vicinity of the threads. In this manner, only the portions

1942 of the first and second tubular members, 1900 and 1912, in the vicinity of th threads, 1908,
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1910, 1920, and 1922, are radially expanded and plastically deformed.

[00175])  In several exemplary embodiments, the portions 1942 of the first and second tubular
members, 1900 and 1912, in the vicinity of the threads, 1908, 1910, 1920, are radially expanded and
plastically deformed using one or more of the methods and apparatus disclosed in one or more of the
following: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attomey docket no. 25791.8.02, filed on
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey docket no. 25791.9.02, filed on
11/15/1999, (5) U.S. patent application serial no. 09/523,460, attorney.docket no. 25791.11.02, filed
on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed
on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed
on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed
on 4/26/2000, (10) PCT patent application serial no. PCT/US00/18633, attorney docket no.
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attorney
docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no.
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application
serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent
application serial no. 60/159,039, attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S.
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, filed on
10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359, attorney docket no.
25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 60/165,228, attorney
docket no. 25791.39, filed on 11/12/1999, (18) U.S. provisional patent application serial no.
60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, (19) U:S. provisional patent application
serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent
application serial no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S.
provisional patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 10/2/2000,
(22) U.S. provisional patent application serial no. 60/270,007, attorney docket no. 25791.50, filed on
212012001, (23) U.S. provisional patent application serial no. 60/262,434, attomey docket no.
25791.51, filed on 1/17/2001, (24) U.S, provisional patent application serial no. 60/259,486, attorney
docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent application serial no. 60/303,740,
attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S. provisional patent application serial no.
60/313,453, attorney docket no. 25791.59, filed on 8/20/2001, (27) U.S. provisional patent application
serial no. 60/317,985, attorney docket no. 25791.67, filed on 9/6/2001, (28) U.S. provisional patent
application serial no. 60/33 18,386, attorney docket no. 25791.67.02, filed on 9/10/2001, (29) US.
utility patent application serial no. 09/969,922, attomey docket no. 25791.69, filed on 10/3/2001, (30)
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U S. utility patent application serial no. 10/016,467, attoney docket no. 25791.70, filed on
12/10/2001; (31) U.S. provisional patent application serial no. 60/343,674, attomey docket no.
25791.68, filed on 12/27/2001; (32) U.S. provisional patent application serial no. 60/346,309, attorney
docket no 25791.92, filed on 1/7/2002; (33) U.S. provisional patent application serial no. 60/372,048,
attorney docket no. 25791.93, filed on 4/12/2002; (34) U.S. provisional patent application serial no.
60/380,147, attorney docket no. 25791.104, filed on 5/6/2002; (35) U.S. provisional patent application
serial no. 60/387,486, attomey docket no. 25791.107, filed on 6/10/2002; (36) U.S. provisional patent
application serial no. 60/387,961, attomey docket no. 25791.108, filed on 6/12/2002; (37) U.S.
provisional patent application serial no. 60/391,703, attorney docket no. 25791.90, filed on 6/26/2002;
and (38) U.S. provisional patent application serial no. 60/397,284, attorney docket no. 25791.106, filed
on 7/19/2002, the disclosures of which are incorporated herein by reference.

[00176]  As illustrated in Fig. 17c, in an exemplary experimental implementation, prior to the radial
expansion and plastic deformation of the portions 1942 of the first and second tubular members, 1900
and 1912, in the vicinity of the threads, 1908, 1910, 1920, and 1922, a variable gap 1944 is typically
present between the threads, 1908 and 1920, and 1910 and 1922, that may permit fluidic materials to
pass there through. The gap 1944 may be present, for example, in the radial, longitudinal and/or
circumferential directions. The leakage of fluidic materials through the gap 1944 can cause serious
problems, for example, in the extraction of subterranean fluids during oil or gas exploration and
production operations, during the transport of hydrocarbons using underground pipelines, during the
transport of pressurized fluids in a chemical processing plant, or within the heat exchanger tubes of a
power plant.

[00177)  In an exemplary experimental implementation, as illustrated in Fig. 17d, following the
radial expansion and plastic deformation of the portion 1942 of the first and second tubular members,
1900 and 1912, in the vicinity of the threads, 1908, 1910, 1920, and 1922, the gap 1944 between the
threads was unexpectedly eliminated thereby creating a fluid tight seal: As a result a fluid tight seal
may be provided within the threads, 1908, 1910, 1920, and 1922, of the first and second tubular
members, 1900 and 1912, without an elastomeric, or other conventional, sealing element present.
{00178]  Furthermore, in an exemplary experimental implementation, following the radial
expansion and plastic deformation of the portions 1942 of the first and second tubular members, 1900
and 1912, in the vicinity of the threads, 1908, 1910, 1920, and 1922, a fluid tight seal was also created
between the interior circumference of the tubular sleeve 1924 and the exterior circumferences of the
first and second tubular members, 1900 and 1912.

[00179]  Thus, the teachings of the present illustrative embodiments of Figs. 17a-17d may also be
used to provide a fluid tight seal between the first and second tubular members, 10, 28, 910, 938, 1010,
1036, 1110, 1128, 1210, 1232, 1310, 1328, 1410, 1430, 1510, 1516, 1610, 1632, 1700 and/or 1716,

that are coupled end-to-end and include one or more of the tubular sleaves, 16, 110, 210, 310, 410,
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510, 610, 710, 810,918, 1018, 1116, 1216, 1316, 1418, 1512, 1616 and/or 1732. A fluid tight seal
may thereby be formed within the threaded connection between the adjacent tubular members and/or
between the tubular sleeve and the adjacent tubular members.
[00180]  More generally, the teachings of the present illustrative embodiments may be used to solve
the problem of providing a fluid tight seal between all types of tubular members such as, for example,
wellbore casings, pipes, underground pipelines, piping used in the transport of pressurized fluids in a
chemical processing plant, or within the heat exchanger tubes of a power plant.
{00181]  Furthermore, the teachings of the present illustrative embodiments may be used to solve
the problem of providing a fluid tight seal between all types of tubular members such as, for example,
wellbore casings, chemical processing pipes and underground pipelines, without having to radially
expand and plastically deform the entire length of the tubular members. Instead, only those portions of
the tubular members proximate the tubular sleeve provided adjacent to the joint between the tubular
members needs to be radially expanded and plastically deformed. Furthermore, in an exemplary
embodiment, the amount of radial expansion and plastic deformation ranged from less than about one
percent to less than about five percent. As aresult, the amount of time and resources typically needed
to perform the radial expansion and plastic deformation is economical.
{00182]  More generally, the teachings of the exemplary embodiments may be used to provide an
inexpensive and reliable fluid tight seal between tubular members. In:this manner, expensive and
unreliable methods of providing a fluid tight seal between tubular members such as, for example, those
methods utilized in the chemical processing industries.and in power plant heat exchangers may be

' replaced with the teachings of the present illustrative embodiments.
[00183]  Furthermore, the teachings of the exemplary embodiments provide a method of radially
expanding and plastically deforming the ends of adjacent coupled tubular members in which the
freedom of movement of the adjacent ends of the coupled tubular members is constrained by the
presence of the tubular sleeve. As aresult, during the subsequent radial expansion process, the
adjacent ends of the coupled tubular members are compressed into the plastic region of the stress-strain
curve. Consequently, the material of the adjacent ends of the coupled tubular members such as, for
example, the interal and external threads, flow into and fill any gaps or voids that may have existed
within the junction of the coupled tubular members thereby providing a fluid tight seal. The creation
of the fluid tight seal within the junction of the adjacent tubular members was an unexpected result that
was discovered during experimental analysis and testing of the present exemplary embodiments. In
fact, also unexpectedly, during a further exemplary analysis and testing of the present exemplary
embodiments, a fluid tight seal was maintained within the junction between two adjacent tubulars
despite being bent over 60 degrees relative to one another.
[00184]  Thus the present exemplary embodiments will eliminate the need for expensive high

precision threaded conn ction for tubular members in order to provide a fluid tight seal. Instead, a
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fluid tight seal can now be provided using a combination of less expensive conventional threaded
connection and a tubular sleeve that are then radially expanded to provide a fluid tight seal. Thus, the
commercial application of the present exemplary embodiments will dramatically reduce the cost of oil
and gas exploration and production. Furthermore, the teachings of the present exemplary embodiments
can be extended to provide a fluid tight seal between adjacent tubular members in other applications
such as, for example, underground pipelines, piping in chemical processing plants, and piping in power
plants, in which conventional, inexpensive, piping with conventional threaded connections can be
coupled together with a tubular sleeve and then radially expanded to provide an inexpensive and
reliable fluid tight seal between the adjacent pipe sections.

[00185)  Referring to Figs. 18aand 18b, in an alternative embodiment, a conventional rotary
expansion tool 2000 may then lowered into the first and second tubular:members, 1900 and 1912,to a
position proximate the vicinity of the threads, 1908, 1910, 1920, and 1922. In an exemplary
embodiment, the rotary expansion tool 2000 may be, for example, a rotary expansion tool as disclosed
in U.S. Patent Application Publication No. US 2001/0045284, published on November 29, 2001, the
disclosure of which is incorporated herein by reference.

[00186]  As illustrated in Fig. 18b, The rotary expansion tool 2000 may then be controllably
increased in size and operated until the outside circumference of the rotary expansion tool engages and
radially expands and plastically deforms the end portions of the first and second tubular members,
1900 and 1912, proximate the expansion cone. The rotary expansion tool 2000 may then be displaced
in the longitudinal direction 2002 thereby radially expanding and plastically deforming the remaining
portions of the first and second tubular members, 1900 and 1912, in the vicinity of the threads, 1908,
1910, 1920, and 1922. In an exemplary embodiment, the amount of radial expansion is less than about
five percent. After completing the radial expansion and plastic deformation of the portion 1942 of the
first and second tubular members, 1900 and 1912, in the vicinity of the threads, 1908, 1910, 1920, and
1922, the rotary expansion tool 2000 may then be controllably reduced in size until the outside
circumference of the expansion cone disengages from the portion of the second tubular above the
portion of the second tubular member in the vicinity of the threads. In this manner, only the portions of
the first and second tubular members, 1900 and 1912, in the vicinity of the threads, 1908, 191 0, 1920,
and 1922, are radially expanded and plastically deformed.

(00187)  More generally still, as illustrated in Fig. 19, the teachings of the present exemplary.
embodiments provide a method 2100 of providing a fluid tight seal between a pair of adjacent tubular
members in which the location of a fluid leak may be detected in the junction between a pair of
adjacent tubular members in step2102. In an exemplary embodiment, in step 2102, a pressurized fluid
may be injected through the adjacent coupled tubular members and the amount, if any, of any fluid
leakage through the junctions between the adjacent tubular members monitored.

[00188]  If the amount of fluid leakcage through the junctions of the adjacent tubular members
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exceeds a predetermined amount, then a tubular sleeve may then be coupled to and overlapping the
junction between the adjacent tubular members in step 2104. And, finally, in step 2106, the portions
of the tubular members proximate the tubular sleeve may then be radially expanded. In this manner, a
cost efficient and reliable method for repairing leaks in the junctions between adjacent tubular
members may be provided.
[00189]  Referring to Fig. 20, in an exemplary embodiment, after radially expanding and plastically
deforming the first and second tubular members, 1900 and 1912, and the tubular sleeve 1924, an
energy source 2202 may be operably coupled to the second tubular member. The energy source 2202
may include, for example, a source of electrical, acoustic, and/or thermal energy. A controller 2204
may also be operably coupled to the energy source 2202 for controlling the operation of the energy
source. In an exemplary embodiment, the first and second tubular members, 1900 and 1912, and the
tubular sleeve 1924 are positioned within a borehole 2206 that traverses a subterranean formation

- 2208, and the energy source 2202 and the controller 2204 are positioned on the surface.
[00190]  During operation, electrical, acoustic, and/or thermal energy may then be transmitted _
through the first and second tubular members, 1900 and 1912, and the tubular sleeve 1924, using the
energy source 2202 and controller 2204. In an exemplary embodiment, the first tubular member 1900
may be operably coupled to an earth ground 2206 such as, for example, a subterranean formation. In
this manner, the transmission of electrical, acoustic, and/or thermal enérgy through the tubular
members, 1900 and 1912, and the tubular sleeve 1924, may be enhanced. The enhanced coupling of
the first and second tubular members, 1900 and 1912, provided by thé addition of the tubular sleeve
1924 during the radial expansion process, provides a enhanced conductive pathway for electrical,
thermal, and/or acoustic energy.
[00191] In an exemplary embodiment, the transmitted electrical, acoustic, and/or thermal energy
may be used, for example, to transmit communication signals to downHole tools, heat the first and
second tubular members, 1900 and 1912, and tubular sleeve 1924, andfor to inject energy into the
surrounding subterranean formation. In this manner, information may be transmitted through the
tubular members, 1900 and 1912, and tubular sleeve 1924 to downhole tools. As will be recognized
by persons having ordinary skill in the art, the transmission of an electrical current through the first and
second tubular members, 1900 and 1912, will cause resistance heating of the tubular members. In this
manner, the surrounding subterranean formation may be heated to thereby facilitate the extraction and
recovery of hydrocarbons.
[00192)  More generally, the teachings of the exemplary embodiment of Fig. 20 may be applied to
one or more of the teachings of the exemplary embodiments of Figs. 1a-19 in order to transmit
electrical, acoustic, and/or thermal energy through the corresponding radially expanded and plastically
deformed tubular members and sleeves. In particular, the enhanced coupling of the tubular members

of the exemplary embodiments of Figs. 1a-19, provided by the addition of the corresponding tubular
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sleeves during the radial expansion process, provides an enhanced conductive pathway for the
transmission of electrical, thermal and/or acoustic energy through the radially expam'tled tubular
members.
{00193]  More generally still, the teachings of Fig. 20 may applied to the one or more of the
teachings of the exemplary embodiments of Figs. 1a-19 in order to tranismit electrical, acoustic, and/or
thermal energy through the corresponding tubular members and sleeves, prior to the radial expansion
and plastic deformation of the tubular members and sleeves. In particular, the enhanced coupling of
the tubular members of the exemplary embodiments of Figs. 1a-19, provided by the addition of the
corresponding tubular sleeves, prior to the radial expansion process, provides an enhanced conductive
pathway for the transmission of electrical, thermal and/or acoustic energy through the radially
expanded tubular members.
[00194]  Referring to Fig. 21, an exemplary embodiment of a dual well completion system 2300
includes an inner tubing string 2302 and an outer tubing string 2304 tﬁat are positioned and supported
within a borehole 2306 that traverses a subterranean formation 2308. The inner tubing string 2302
includes a first tubular member 2310 that is threadably coupled to a second tubular member 2312. The
inner tubing string 2302 further inclides a tubular sleeve 2314 that coupled to the ends of the first and
second tubular members, 2310 and 2312. The outer tubing string 2304 includes a first tubular member
2316 that is threadably coupled to a second tubular member 2318. The outer tubing string 2304 further
includes a tubular sleeve 2320 that is coupled to the ends of the first and second tubular members,
2316 and 2318.
[00195) In an exemplary embodiment, the first tubular members, 2310 and 2316, may be any one
of the tubular members, 28, 938, 1036, 1128, 1232, 1328, 1430, 1516, 1632, 1716, or 1912, described
above with reference to Figs. 1a-20, the second tubular members, 2312 and 2318, may be any of the
tubular members, 10, 910, 1010, 1110, 1210, 1310, 1410, 1510, 1610, 1700, or 1900, described above
with reference to Figs. 1a-20, and the tubular sleeves, 2314 and 2320, may be any one of the tubular
sleeves, 16, 110, 210, 310, 410, 510, 610, 710, 810, 918, 1018, 1116, 1216, 1316, 1418, 1512, 1616,
1732, or 1924 , described above with reference to Figs. 1a-20.
[00196]  In an exemplary embodiment, the outer tubing string 2304 is positioned within the
borehole 2306, with the lower portion of the outer tubing string positioned above and proximate a
producing subterranean zone 2322, and radially expanded and plastically deformed as described above
" with reference to Figs. 1a-20. In an exemplary embodiment, the upper portion of the outer tubing
string 2304 is supported, for example, by coupling the upper portion of the outer tubing string to a
wellbore casing. The inner tubular string 2302 is then positioned within the borehole 2306, with the
lower portion of the inner tubing string positioned above and proximate another producing zone 2324,
and radially expanded and plastically deformed as described above with reference to Figs. 1a-20. In an

exemplary embodiment, the upper portion of the inner tubing string 2302 is supported, for example, by
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coupling the upper portion of the inner tubing string to a wellbore casing. In this menner, an annular
flow passage 2326 is defined between the inner and outer tubing strings, 2302 and 2304, and a flow
passage 2328 is defined within the inner tubing string. In an exemplary embodiment, conventional
packers, 2330 and 2332, are coupled to the lower portions of the outer and inner tubing strings, 2304
and 2302, respectively, for fluidicly isolating the producing zones, 2322 and 2324 from one another.
Furthermore, the packers, 2330 and 2332, in an exemplary embodiment, also fluidicly isolate the
annular passage 2326 from the passage 2328, as well as fluidicly isolate the annular passage 2326 and
the passage 2328 from an annular passage 2334 defined between the outer tubing string 2304 and the
borehole 2306.

[00197)  During operation of the dual well completion system 2300, fluidic materials within the
producing zone 2322 are conveyed out of the borehole 2306 through the annular passage 2326, and
fluidic materials within the producing zone 2324 are conveyed out of the borehole through the annular
passage 2328. In this manner, the dual well completion system 2300 permits simultaneous and/or
separate extraction of fluidic materials from the producing zones, 2322 and 2324. Furthermore, the use
of the tubular sleeves, 2314 and 2320, in the inner and outer tubing strings, 2302 and 2304,
respectively, permits an increased volumetric flow of fluidic materials through the annular passage
2326 and the passage 2328. In particular, in an exemplary embodiment, the use of the tubular sleeves,
2314 and 2320, in the inner and outer tubing strings, 2302 and 2304, in combination with first and
second tubular members, 2310 and 2312 and 2316 and 2318, respectively, having conventional
threaded connections, increases the permissible radial clearances between the inner and outer tubing
strings thereby increasing the maximum volumetric flow rates through the annular passage 2326 and
the passage 2328.

[00198) A method of radially expanding and plastically deforming a first tubular member and a
second tubular member has been described that includes inserting an end of the first tubular member
into an end of a tubular sleeve having an internal flange into abutment with the internal flange,
inserting an end of the second tubular member into another end of the tubular sleeve, threadably
coupling the ends of the first and second tubular member within the tubular sleeve until both ends of
the first and second tubular members abut the internal flange of the tubular sleeve, and displacing an
expansion cone through the interiors of the first and second tubular members. In an exemplary
embodiment, the internal flange of the tubular sleeve is positioned between the ends of the tubular
sleeve. In an exemplary embodiment, the internal flange of the tubular sleeve is positioned at one end
of the tubular sleeve. In an exemplary embodiment, the tubular sleeve further includes one or more
sealing members for sealing the interface between the tubular sleeve and at least one of the tubular
members. In an exemplary embodiment, the method further includes placing th tubular members in
another structure, and displacing the expansion cone through the interiors of the first and second

tubular members. In an exemplary embodiment, the method further includes radially expanding the
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tubular sleeve into engagement with the structure. In an exemplary embodiment, the method further
includes sealing an annulus between the tubular sleeve and the other structure. In an exemplary
embodiment, the other structure comprises a wellbore. In an exemplary embodiment, the other
structure comprises a wellbore casing. In an exemplary embodiment, the tubular slecve further
comprises a sealing element coupled to the exterior of the tubular sleeve. In an exemplary
embodiment, the tubular sleeve is metallic. In an exemplary embodiment, the tubular sleeve is non-
metallic. In an exemplary embodiment, the tubular sleeve is plastic. In an exemplary embodiment, the
tubular sleeve is ceramic. In an exemplary embodiment, the method further includes breaking the
tubular sleeve. In an exemplary embodiment, the tubular sleeve includes one or more longitudinal
slots. In an exemplary embodiment, the tubular sleeve includes one or more radial passages.

[00199] A method of radially expanding and plastically deforming-a first tubular member and a
second tubular member has also been described that includes inserting an end of the first tubular
member into an end of a tubular sleeve, coupling the end of the tubular sleeve to the end of the first
tubular member, inserting an end of the second tubular member into another end of the tubular sleeve,
threadably coupling the ends of the first and second tubular member within the tubular sleeve, coupling
the other end of the tubular sleeve to the end of the second tubular member, and displacing an
expansion cone through the interiors of the first and second tubular members. In an exemplary
embodiment, coupling the ends of the tubular sleeve to the ends of the:first and second tubular
members includes coupling the ends of the tubular sleeve to the ends of the first and second tubular
members using locking rings. In an exemplary embodiment, coupling the ends of the tubular sleeve to
the ends of the first and second tubular members using locking rings includes wedging the locking
rings between the ends of the tubular sleeve and the ends of the first and second tubular members. In
an exemplary embodiment, coupling the ends of the tubular sleeve to the ends of the first and second
tubular members using locking rings includes affixing the locking rings to the ends of the first and
second tubular members. In an exemplary embodiment, the locking rings are resilient. In an
exemplary embodiment, the locking rings are elastomeric. In an exemplary embodiment, coupling the
ends of the tubular sleeve to the ends of the first and second tubular members includes crimping the
ends of the tubular sleeve onto the ends of the first and second tubular members. In an exemplary
embodiment, the tubular sleeve further includes one or more sealing members for sealing the interface
between the tubular sleeve and at ‘least one of the tubular members. In an exemplary embodiment, the
method further includes placing the tubular members in another structure, and displacing the expansion
cone through the interiors of the first and second tubular members. In an exemplary embodiment, the
method further includes radially expanding the tubular sleeve into engagement with the structure. In
an xemplary embodiment, the method further includes sealing an annulus between the tubular sleeve
and the other structure. In an exemplary embodiment, the other structure is a wellbore. In an

ex mplary embodiment, the other structure is a wellbore casing. In an exemplary embodiment, the
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tubular sleeve further includes a sealing element coupled to the exterior of the tubular sleeve. In an
exemplary embodiment, the tubular sleeve is metallic. In an exemplary embodiment, the tubular sleeve
is non-metallic. In an exemplary embodiment, the tubular sleeve is plastic. In an exemplary
embodiment, the tubular sleeve is ceramic. In an exemplary embodiment, the method further includes
breaking the tubular sleeve. In an exemplary embodiment, the tubular sleeve includes one or more
longitudinal slots. In an exemplary embodiment, the tubular sleeve includes one or more radial
passages.

[00200] A method of radially expanding and plastically deforming a first tubular member and a
second tubular member has also been described that includes inserting an end of a tubular sleeve
having an external flange into an end of the first tubular member until the external flange abuts the end
of the first tubular member, inserting the other end of the tubular sleeve into an end of a second tubular
member, threadably coupling the ends of the first and second tubular member within the tubular sleeve
until both ends of the first and second tubular members abut the external flange of the tubular sleeve,
and displacing an expansion cone through the interiors of the first and second tubular members. In an
exemplary embodiment, the external flange of the tubular sleeve is pogitioned between the ends of the
tubular sleeve. In an exemplary embodiment, the external flange of the tubular sleeve is positioned at
one end of the tubular sleeve. In an exemplary embodiment, the tubular sleeve further includes one or
more sealing members for sealing the interface between the tubular sleeve and at least one of the
tubular members. In an exemplary embodiment, the method further includes placing the tubular
members in another structure, and displacing the expansion cone through the interiors of the first and
second tubular members. In an exemplary embodiment, the other s&ubmm comprises a wellbore. In
an exemplary embodiment, the other structure comprises a wellbore casing. In an exemplary
embodiment, the tubular sleeve is metallic. In an exemplary embodiment, the tubular sleeve is non-
metallic. In an exemplary embodiment, the tubular sleeve is plastic. In an exemplary embodiment, the
tubular sleeve is ceramic. In an exemplary embodiment, the method further includes breaking the
tubular sleeve. In an exemplary embodiment, the tubular sleeve includes one or more longitudinal
slots. In an exemplary embodiment, the tubular sleeve includes one or more radial passages.

[00201] A method of radially expanding and plastically deforming a first tubular member and a
second tubular member has also been described that includes inserting an end of the first tubular
member into an end of a tubular sleeve having an internal flange into abutment with the internal flange,
inserting an end of the second tubular member into another end of the tubular sleeve into abutment
with the internal flange, coupling the ends of the first and second tubular member to the tubular sleeve,
and displacing an expansion cone through the interiors of the first and second tubular members. In an
exemplary embodiment, the internal flange of the tubular sleeve is positioned between the ends of the
tubular sleeve. In an exemplary embodiment, the internal flange of the tubular sleeve is positioned at

one end of the tubular sleeve. In an exemplary embodiment, the tubular sleeve further comprises one
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or more sealing members for sealing the interface between the tubular sleeve and at least one of the
tubular members. In an exemplary embodiment, the method further inicludes placing the tubular
members in another structure, and displacing the expansion cone throygh the interiors of the first and
second tubular members. In an exemplary embodiment, the method fiirther includes radially ~
expanding the tubular sleeve into engagement with the structure. In an exemplary embodiment, the
method further includes sealing an annulus between the tubular sleeve and the other structure. In an
exemplary embodiment, the other structure is a wellbore. In an éxemp]ary embodiment, the other
structure is a wellbore casing. In an exemplary embodiment, the tubular sleeve further includes a
sealing element coupled to the exterior of the tubular sleeve. In an exémplary embodiment, the tubular
sleeve is metallic. In an exemplary embodiment, the tubular sleeve is pon-metallic. In an exemplary
embodiment, the tubular sleeve is plastic. In an exemplary embodiment, the tubular sleeve is ceramic.
In an exemplary embodiment, the method further includes breaking the tubular sleeve. In an
exemplary embodiment, the tubular sleeve includes one or more longitudinal slots. In an exemplary
embodiment, the tubular sleeve includes one or more radial passages. In an exemplary embodiment,
coupling the ends of the first and second tubular member to the tubular sleeve includes heating the
tubular sleeve and inserting the ends of the first and second tubular meémbers into the tubular sleeve. In
an exemplary embodiment, coupling the ends of tﬁe first and second tubular member to the tubular
sleeve includes coupling the tubular sleeve to the ends of the first and second tubular members using a
locking ring.

[00202]) A method has been described that includes coupling an end of a first tubular member to an
end of a tubular sleeve, coupling an end of a second tubular member ta another end of the tubular
sleeve, coupling the ends of the first and second tubular members, and radially expanding and
plastically deforming the first tubular member and the second tubular thember. In an exemplary
embodiment, the tubular sleeve includes an internal flange. In an exemplary embodiment, coupling the
end of the first tubular member to the end of the tubular sleeve includes inserting the end of the first
tubular member into the end of the tubular sleeve into abutment with the internal flange. In an
exemplary embodiment, coupling the end of the second tubular membeér to the other end of the tubular
sleeve includes inserting the end of the second tubular member into thé other end of the tubular sleeve
into abutment with the intemal flange. In an exemplary embodiment, coupling the end of the second
tubular member to the other end of the tubular sleeve includes inserting the end of the second tubular
member into the other end of the tubular sleeve into abutment with the internal flange. In an
exemplary embodiment, the tubular sleeve includes an external flange.: In an exemplary embodiment,
coupling the end of the first tubular member to the end of the tubular sleeve includes inserting the end
of the tubular sleeve into the end of the first tubular member until the end of the first tubular member
abuts the external flange. In an exemplary embodiment, coupling the end of the second tubular

member to the other end of the tubular sleeve includes inserting the other end of the tubular sleeve into
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the end of the second tubular member until the end of the second tubular member abuts the external
flange. In an exemplary embodiment, coupling the end of the second tubular member to the other end
of the tubular sleeve includes inserting the other end of the tubular sleeve into the end of the second
tubular member until the end of the second tubular member abuts the external flange. In an exemplary
embodiment, coupling the end of the first tubular member to the end of the tubular sleeve includes
inserting a retaining ring between the end of the first tubular member and the end of the tubular sleeve.
In an exemplary embodiment, coupling the end of the second tubular member to the other end of the
tubular sleeve includes inserting another retaining ring between the end of the second tubular member
and the other end of the tubular sleeve. In an exemplary embodiment, coupling the end of the second
tubular member to the other end of the tubular sleeve includes inserting a retaining ring between the
end of the first tubular member and the other end of the tubular sleeve. In an exemplary embodiment, -
the retaining ring is resilient. In an exemplary embodiment, the retaining ring and the other retaining
ring are resilient. In an exemplary embodiment, the retaining ring is resilient. In an exemplary
embodiment, coupling the end of the first tubular member to the end of the tubular sleeve includes
deforming the end of the tubular sleeve. In an exemplary embodiment, coupling the end of the second
tubular member to the other end of the tubular sleeve includes deforming the other end of the tubular
sleeve. In an exemplary embodiment, coupling the end of the second tubular member to the other end
of the tubular sleeve includes deforming the other end of the tubular sleeve. In an exemplary
embodiment, coupling the end of the first tubular member to the end of the tubular sleeve includes
coupling a retaining ring to the end of the first tubular member. In an exemplary embodiment,
coupling the end of the second tubular member to the other end of the tubular sleeve includes coupling
another retaining ring to the end of the second tubular member. In an exemplary embodiment,
coupling the end of the second tubular member to the other end of the tubular sleeve includes coupling
a retaining ring to the end of the second tubular member. In an exemplary embodiment, the retaining
ring is resilient. In an exemplary embodiment, the retaining ring and the other retaining ring are
resilient. In an exemplary embodiment, the retaining ring is resilient. In an exemplary embodiment,
coupling the end of the first tubular member to the end of the tubular sleeve includes heating the end of
the tubular sleeve, and inserting the end of the first tubular member into the end of the tubular sleeve.
In an exemplary embodiment, coupling the end of the second tubular member to the other end of the
tubular sleeve includes heating the other end of the tubular sleeve, and inserting the end of the second
tubular member into the other end of the tubular sleeve. In an exemplary embodiment, coupling the
end of the second tubular member to the other end of the tubular sleeve includes heating the other end
of the tubular sleeve, and inserting the end of the second tubular member into the other end of the
tubular sleeve. In an exemplary embodiment, coupling the end of the first tubular member to the end
of the tubular sleeve includes inserting the end of the first tubular member into the end of the tubular

sleeve, and latching the end of the first tubular member to the end of the tubular sleeve. Inan
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exemplary embodiment, coupling the end of the second tubular member to the other end of the tubular
sleeve includes inserting the end of the second tubular member into the end of the tubular sleeve, and
latching the end of the second tubular member to the other end of the tubular sleeve. In an exemplary
embodiment, coupling the end of the second tubular member to the other end of the tubular sleeve
includes inserting the end of the second tubular member into the end of the tubular sleeve, and latching
the end of the second tubular member to the other end of the tubular sleeve. In an exemplary
embodiment, the tubular sleeve further comprises one or more sealing members for sealing the
interface between the tubular sleeve and at least one of the tubular members. In an exemplary
embodiment, the method further includes placing the tubular members in another structure, and then
radially expanding and plastically deforming the first tubular member and the second tubular member.
In an exemplary embodiment, the method further includes radially expanding the tubular sleeve into
engagement with the structure. In an exemplary embodiment, the method further includes sealing an
annulus between the tubular sleeve and the other structure. In an exemplary embodiment, the other
structure is a wellbore. In an exemplary embodiment, the other structure is a wellbore casing. Inan
exemplary embodiment, the tubular sleeve further includes a sealing element coupled to the exterior of
the tubular sleeve. In an exemplary embodiment, the tubular sleeve is metallic. Inan exemplary
embodiment, the tubular sleeve is non-metallic. In an exemplary embodiment, the tubular sleeve is
plastic. In an exemplary embodiment, the tubular sleeve is ceramic. In'an exemplary embodiment, the
method further includes breaking the tubular sleeve. In an exemplary embodiment, the tubular sleeve
includes one or more longitudinal slots. In an exemplary embodiment, the tubular sleeve includes one
or more radial passages. In an exemplary embodiment, radially expanding and plastically deforming
the first tubular member, the second tubular member, and the tubular skeve includes displacing an
expansion cone within and relative to the first and second tubular members. In an exemplary
embodiment, radially expanding and plastically deforming the first tubular member, the second tubular
member, and the tubular sleeve includes applying radial pressure to the interior surfaces of the first and
second tubular member using a rotating member. In an exemplary embodiment, the method further
includes amorphously bonding the first and second tubular members during the radial expansion and
plastic deformation of the first and second tubular members. In an exemplary embodiment, the method
further includes welding the first and second tubular members during the radial expansion and plastic
deformation of the first and second tubular members. In an exemplary.embodiment, the method further
includes providing a fluid tight seal within the threaded coupling between the first and second tubular
members during the radial expansion and plastic deformation of the first and second tubular members.
In an exemplary embodiment, the method further includes placing the tubular sleeve in circumferential
tension, placing the end of the first tubular member in circumferential compression, and placing the
end of the second tubular member in circumferential compression. In an exemplary embodiment, the

method further includes placing the tubular sleeve in circumferential compression, placing the end of
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the first tubular member in circumferential tension, and placing the end of the second tubular member
in circumferential tension. In an exemplary embodiment, radially expanding and plastically deforming
the first tubular member and the second tubular member includes radially expanding and plastically
deforming only the portions of the first and second members proximate the tubular sleeve. In an
exemplary embodiment, the method further includes providing a fluid tight seal between the tubular
sleeve and at least one of the first and second tubular members. In an exemplary embodiment, the first
tubular member includes internal threads, and the second tubular member includes external threads that
engage the internal threads of the first tubular member. In an exemplary embodiment, radially
expanding and plastically deforming the first tubular member and the second tubular member includes
radially expanding and plastically deforming only the portions of the first and second members
proximate the threads of the first and second tubular members. In an exemplary embodiment, the
method further includes providing a fluid tight seal between the threads of the first and second tubular
members. In an exemplary embodiment, the method further includes providing a fluid tight seal
between the tubular sleeve and at least one of the first and second tubular members. In an exemplary
embodiment, the first and second tubular members are wellbore casings. In an exemplary embodiment,
the first and second tubular members are pipes.

[00203] A method has been described that includes providing a tubular sleeve including an internal
flange positioned between the ends of the tubular sleeve, inserting an end of a first tubular member into
an end of the tubular sleeve into abutment with the internal flange, inserting an end of a second tubular
member into another end of the tubular sieeve into abutment the internal flange, threadably coupling
the ends of the first and second tubular members, radially expanding and plastically deforming the first
tubular member and the second tubular member, placing the tubular sleeve in circumferential tension,
placing the end of the first tubular member in circumferential compression, and placing the end of the
second tubular member in circumferential compression.

[00204] A method has been described that includes providing a tubular sleeve including an
external flange positioned between the ends of the tubular sleeve, inserting an end of the tubular sleeve
into an end of a first tubular member until the end of the first tubular member abuts with the external
flange, inserting another end of the tubular sleeve into an end of the second tubular member until the
end of the second tubular member abuts the external flange, threadably coupling the ends of the first
and second tubular members, radially expanding and plastically deforming the first tabular member
and the second tubular member, placing the tubular sleeve in circumferential compression, placing the
end of the first tubular member in circumferential tension, and placing the end of the second tubular
member in circumferential tension.

[00205] A method has been described that includes providing a tubular sleeve including an internal
flange positioned between the ends of the tubular sleeve, inserting an end of a first tubular member into

an end of the tubular sleeve into abutment with the internal flange, inserting an end of a second tubular
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member into another end of the tubular sleeve into abutment the internal flange, threadably coupling
the ends of the first and second tubular members, radially expanding and plastically deforming only the
portions of the first tubular member and the second tubular member proximate the threads of the first
and second tubular members, placing the tubular sleeve in circumferential tension, placing the end of
the first tubular member in circumferential compression, and placing the end of the second tubular
member in circumferential compression.

[00206] A method has been described that includes providing a tubular sleeve including an
external flange positioned between the ends of the tubular sleeve, inserting an end of the tubular sleeve
into an end of a first tubular member until the end of the first tubular member abuts with the external
flange, inserting another end of the tubular sleeve into an end of the second tubular member until the
end of the second tubular member abuts the external flange, threadably coupling the ends of the first
and second tubular members, radially expanding and plastically deforming only the portions of the first
tubular member and the second tubular member proximate the threads of the first and second tubular
members, placing the tubular sleeve in circumferential compression, placing the end of the first tubular
member in circumferential tension, and placing the end of the second tubular member in
circumferential tension.

[00207]  An apparatus has been described that includes a tubular sleeve, a first tubular member
coupled to an end of the tubular sleeve, and a second tubular member coupled to another end of the
tubular sleeve. In an exemplary embodiment, the tubular sleeve is in circumferential tension, the end
portion of the first tubular member is in circumferential compression, and the end portion of the second
tubular member is in circumferential compression. In an exemplary embodiment, the tubular sleeve is
in circumferential compression, the end portion of the first tubular member is in circumferential
tension, and the end portion of the second tubular member is in circumferential tension. In an
exemplary embodiment, the tubular sleeve includes an internal flange. In an exemplary embodiment,
the end portion of the first tubular member is received within an end of the tubular sleeve, and the end
portion of the second tubular member is received within another end of the tubular sleeve. In an
exemplary embodiment, the end portions of the first and second tubular members abut the internal
flange of the tubular sleeve. In an exemplary embodiment, the end portion of the first tubular member
is received within an end of the tubular sleeve. In an exemplary embodiment, the end portions of the
first and second tubular members abut the intemal flange of the tubular sleeve. In an exemplary
embodiment, the end portion of the second tubular member is received within an end of the tubular
sleeve. In an exemplary embodiment, the end portions of the first and second tubular members abut
the internal flange of the tubular sleeve. In an exemplary embodiment, the internal flange of the
tubular sleeve is positioned between the ends of the tubular sleeve. In an exemplary embodiment, the
internal flange of th tubular sleeve is positioned at an end of the tubular sleeve. Inan exemplary

embodiment, the tubular sleeve includes an external flange. In an exemplary embodiment, an end
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portion of the tubular sleeve is received within the first tubular member; and another end portion of the
tubular sleeve is received within the end portion of the second tubular member. In an exemplary
embodiment, the end portions of the first and second tubular members abut the external flange of the
tubular sleeve. In an exemplary embodiment, an end portion of the tubular sleeve is received within
the end portion of the first tubular member. In an exemplary embodiment, the end portions of the first
and second tubular members abut the external flange of the tubular slegve. In an exemplary
embodiment, an end portion of the tubular sleeve is received within the end portion of the second
tubular member. In an exemplary embodiment, the end portions of the first and second tubular
members abut the external flange of the tubular sleeve. In an exemplary embodiment, the extemal
flange of the tubular sleeve is positioned between the ends of the tubular sleeve. In an exemplary
embodiment, the external flange of the tubular sleeve is positioned at an end of the tubular sleeve. In
an exemplary embodiment, the tubular sleeve further comprises one or more sealing members for
sealing the interface between the tubular sleeve and at least one of the tubular members. In an
exemplary embodiment, the apparatus further includes a retaining ring positioned between the end of
the first tubular member and the end of the tubular sleeve. In an exemplary embodiment, tﬁe apparatus
further includes another retaining ring positioned between the end of the second tubular member and
the other end of the tubular sleeve. In an exemplary embodiment, the.apparatus further includes a
retaining ring positioned between the end of the first tubular member and the other end of the tubular
sleeve. In an exemplary embodiment, the retaining ring is resilient. In an exemplary embodiment, the
retaining ring and the other retaining ring are resilient. In an exemplary embodiment, the retaining ring
is resilient. In an exemplary embodiment, the end of the tubular sleeve is deformed onto the end of the
first tubular member. In an exemplary embodiment, the other end of the tubular sleeve is deformed
onto the end of the second tubular member. In an exemplary embodiment, the other end of the tubular
sleeve is deformed onto the end of the second tubular member. In an.exemplary embodiment, the
apparatus further includes a retaining ring coupled to the end of the first tubular member for retaining
the tubular sleeve onto the end of the first tubular member. In an exemplary embodiment, the
apparatus further includes another retaining ring coupled to the end of the second tubular member for
retaining the other end of the tubular sleeve onto the end of the second tubular member. In an
exemplary embodiment, the apparatus further includes a retaining ring coupled to the end of the second
tubular member for retaining the other end of the tubular sleeve onto the end of the second tubular
member. In an exemplary embodiment, the retaining ring is resilient, In an exemplary embodiment,
the retaining ring and the other retaining ring are resilient. In an exemplary embodiment, the retaining
ring is resilient. In an exemplary embodiment, the apparatus further includes a locking ring for
coupling the end of the first tubular member to the end of the tubular sleeve. In an exemplary
embodiment, the apparatus further includes another locking ring for coupling the end of the second
tubular member to the oth rend of th tubular sleeve. In an exemplary embodiment, the apparatus

54




WO 2004/009950 PCT/US2003/020694

further includes a locking ring for coupling the end of the second tubular member to the other end of
the tubular sleeve. In an exemplary embodiment, the apparatus further includes a structure for
receiving the first and second tubular members and the tubular sleeve, and the tubular sleeve contacts
the interior surface of the structure. In an exemplary embodiment, the tubular sleeve further includes a
sealing member for fluidicly sealing the interface between the tubular sleeve and the structure. In an
exemplary embodiment, the other structure is a wellbore. In an exemplary embodiment, the other
structure is a wellbore casing. In an exemplary embodiment, the tubular sleeve further includes a
sealing element coupled to the exterior surface of the tubular sleeve. In an exemplary embodiment, the
tubular sleeve is metallic. In an exemplary embodiment, the tubular sléeve is non-metallic. In an
exemplary embodiment, the tubular sleeve is plastic. In an exemplary embodiment, the tubular sleeve
is ceramic. In an exemplary embodiment, the tubular sleeve is frangible. In an exemplary
embodiment, the tubular sleeve includes one or more longitudinal slots. I[n an exemplary embodiment,
the tubular sleeve includes one or more radial passages. In an exemplary embodiment, the first and
second tubular members are amorphously bonded. In an exemplary embodiment, the first and second
tubular members are welded. In an exemplary embodiment, the internal threads of the first tubular .
member and the intemal threads of the second tubular member together provide a fluid tight seal. In an
exemplary embodiment, only the portions of the first and second tubular members proximate the
tubular sleeve are plastically deformed. In an exemplary embodiment, a fluid tight seal is provided
between the tubular sleeve and at least one of the first and second tubular members. In an exemplary
embodiment, the first tubular member includes internal threads; and wherein the second tubular
member includes external threads that engage the internal threads of the first tubular member. In an
exemplary embodiment, only the portions of the first and second members proximate the threads of the
first and second tubular members are plastically deformed. In an exemplary embodiment, a fluid tight
seal is provided between the threads of the first and second tubular members. In an exemplary
embodiment, a fluid tight seal is provided between the tubular sleeve and at least one of the first and
second tubular members.

[00208]  An apparatus has been described that includes a tubular sleeve including an internal flange
positioned between the ends of the tubular sleeve, a first tubular member received within an end of the
tubular sleeve in abutment with the internal flange that comprises internal threads, and a second tubular
member received within another end of the tubular sleeve in abutment with the internal flange that
comprises external threads that engage the internal threads of the first tubular member. The tubular
sleeve is in circumferential tension, the end of first tubular member is in circumferential compression,
and the end of the second tubular member is in circumferential compression.

[00209]  An apparatus has been described that includes a tubular sleeve comprising an external
flange positioned between the ends of the tubular sleeve, a first tubular member that receives an end of

the tubular sleeve and abuts the external flange that comprises intemnal threads, and a second tubular

55



WO 2004/009950 PCT/US2003/020694

member that receives another end of the tubular sleeve that abuts the external flange that comprises
external threads that engage the internal threads of the first tubular member. The tubular sleeve is in
circumferential compression, the first tubular member is in circumferential tension, and the second
tubular member is in circumferential tension.

[00210]  An apparatus has been described that includes a tubular sleeve comprising an internal
flange positioned between the ends of the tubular sleeve, a first tubular member received within an end
of the tubular sleeve in abutment with the internal flange that comprises internal threads, and a second
tubular member received within another end of the tubular sleeve in abutment with the internal flange
that comprises external threads that engage the internal threads of the first tubular member. The
tubular sleeve is in circomferential tension, the end of first tubular member is in circumferential
compression, the end of the second tubular member is in circumferential compression, a fluid tight seal
is provided between the tubular sleeve and at least one of the first and second tubular members, and a
fluid tight seal is provided between the threads of the first and second tubular members.

[00211]  An apparatus has been described that includes a tubular sleeve comprising an external
flange positioned between the ends of the tubular sleeve, a first tubular member that receives an end of
the tubular sleeve and abuts the external flange that comprises internal threads, and a second tubular
member that receives another end of the tubular sleeve that abuts the external flange that comprises
external threads that engage the internal threads of the first tubular member. The tubular sleeve is in
circumferential compression, the first tubular member is in circumferential tension, the second tubular
member is in circumferential tension, a fluid tight seal is provided between the tubular sleeve and at
least one of the first and second tubular members, and a fluid tight seal is provided between the threads
of the first and second tubular members.

[00212] A method of extracting geothermal energy from a subterranean source of geothermal
energy has been described that includes drilling a borehole that traverses the subterranean source of
geothermal energy, positioning a first casing string within the borehole, radially expanding and
plastically deforming the first casing string within the borehole, positioning a second casing string
within the borehole that traverses the subterranean source of geothermal energy, overlapping a portion
of the second casing string with a portion of the first casing string, radially expanding and plastically
deforming the second casing string within the borehole, and extracting geothermal energy from the
subterranean source of geothermal energy using the first and second casing strings. In an exemplary
embodiment, the interior diameter of a passage defined by the first and second casing strings is
constant. In an exemplary embodiment, at least one of the first and second casing strings includes a
tubular sleeve, a first tubular member coupled to an end of the tubular sleeve comprising intemnal
threads at an end portion, and a second tubular member coupled to another end of the tubular sleeve
comprising external threads at an end portion that engage the internal threads of the end portion of the

first tubular member.
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[00213] A method of extracting geothermal energy from a subterranean source of geothermal
energy has been described that includes drilling a borehole that traverses the subterranean source of
geothermal energy, positioning a first casing string within the borehole, radially expanding and
plastically deforming the first casing string within the borehole, positioning a second casing string
within the borehole that traverses the subterranean source of geothermal energy, overlapping a portion
of the second casing string with a portion of the first casing string, radially expanding and plastically
deforming the second casing string within the borehole, and extracting geothermal energy from the
subterranean source of geothermal energy using the first and second casing strings. the interior
diameter of a passage defined by the first and second casing strings is constant, and at least one of the
first and second casing strings includes a tubular sleeve comprising an internal flange positioned
between the ends of the tubular sleeve, a first tubular member received within an end of the tubular
sleeve in abutment with the internal flange that comprises internal threads, and a second tubular
member received within another end of the tubular sleeve in abutment with the internal flange that
comprises external threads that engage the internal threads of the first tubular member.

[00214] A method of extracting geothermal energy from a subterranean source of geothermal
energy has been described that includes drilling a borehole that traverses the subterranean source of
geothermal energy, positioning a first casing string within the borehole, radially expanding and
plastically deforming the first casing string within the borehole, positioning a second casing string
within the borehole that traverses the subterranean source of geothermal energy, overlapping a portion
of the second casing string with a portion of the first casing string, radially expanding and plastically
deforming the second casing string within the borehole, and extracting geothermal energy from the
subterranean source of geothermal energy using the first and second casing strings. The interior
diameter of a passage defined by the first and second casing strings is constant, and at least one of the
first and second casing strings include: a tubular sleeve comprising an external flange positioned
between the ends of the tubular sleeve, a first tubutar member that receives an end of the tubular sleeve
that abuts extemal flange that comprises internal threads, and a second tubular member that receives
another end of the tubular sleeve that abuts the external flange that comprises external threads that
engage the internal threads of the first tubular member.

[00215] A method of extracting geothermal energy from a subterranean source of geothermal
energy has been described that includes drilling a borehole that traverses the subterranean source of
geothermal energy, positioning a first casing string within the borehole, radially expanding and
plastically deforming the first casing string within the borehole, positioning a second casing string
within the borehole that traverses the subterranean source of geothermal energy, overlapping a portion
of the second casing string With a portion of the first casing string, radially expanding and plastically
deforming the second casing string within the borehole, and extracting geothermal energy from th

subterranean source of geothermal energy using the first and second casing strings. The interior
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diameter of a passage defined by the first and second casing strings is constant, and at least one of the
first and second casing strings include a tubular sleeve comprising an internal flange positioned
between the ends of the tubular sleeve, a first tubular member received within an end of the tubular
sleeve in abutment with the internal flange that comprises internal threads, and a second tubular
member received within another end of the tubular sleeve in abutment with the internal flange that
comprises external threads that engage the internal threads of the first tubular member. The tubular
sleeve is in circumferential tension, the first tubular member is in circumferential compression, the
second tubular member is in circumferential compression, a fluid tight seal is provided between the
tubular sleeve and at least one of the first and second tubular members, and a fluid tight seal is
provided between the threads of the first and second tubular members.

[00216] A method of extracting geothermal energy from a subterranean source of geothermal
energy has been described that includes drilling a borehole that traverses the subterranean source of
geothermal energy, positioning a first casing string within the borehole, radially expanding and
plastically deforming the first casing string within the borehole, positiening a second casing string
within the borehole that traverses the subterranean source of geothermal energy, overlapping a portion
of the second casing string with a portion of the first casing string, radially expanding and plastically
deforming the second casing string within the borehole, and extracting geothermal energy from the
subterranean source of geothermal energy using the first and second casing strings. The interior
diameter of a passage defined by the first and second casing strings is constant, and wherein at least
one of theA first and second casing strings include a tubular sleeve comprising an external flange
positioned between the ends of the tubular sleeve, a first tubular member that receives an end of the
tubular sleeve that abuts external flange that comprises internal threads, and a second tubular member
that receives another end of the tubular sleeve that abuts the external flange that comprises external
threads that engage the internal threads of the first tubular member. The tubular sleeve is in
circumferential compression, the first tubular member is in circumferential tension, the second tubular
member is in circumferential tension, a fluid tight seal is provided between the tubular sleeve and at
Jeast one of the first and second tubular members, and a fluid tight seal is provided between the threads
of the first and second tubular members.

[00217]  Anapparatus for extracting geothermal energy from a subterranean source of geothermal
energy has been described that includes a borehole that traverses the subterranean source of geothermal
energy, a first casing string positioned within the borehole, and a second casing positioned within the
borehole that overlaps with the first casing string that traverses the subterranean source of geothermal
energy. The first casing string and the second casing string are radially expanded and plastically
deformed within the borehole. In an exemplary embodiment, the interior diameter of a passage defined
by the first and second casing strings is constant. In an exemplary embodiment, at least one of the first

and second casing strings include a tubular sleeve, a first tubular member coupled to an end of the
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tubular sleeve comprising internal threads at an end portion, and a second tubular member coupled to
another end of the tubular sleeve comprising external threads at an end portion that engage the internal
threads of the end portion of the first tubular member.

[00218)  An apparatus for extracting geothermal energy from a subterranean source of geothermal
energy has been described that includes a borehole that traverses the subterranean source of geothermal
energy, a first casing string positioned within the borehole, a second casing string within the borehole
that traverses the subterranean source of geothermal energy that overlaps with the first casing string,
The first and second casing strings are radially expanded and plastically deformed within the borehole,
the inside diameter of a passage defined by the first and second casing strings is constant, and at least
one of the first and second casing strings includes a tubular sleeve comprising an internal flange
positioned between the ends of the tubular sleeve, a first tubular member received within an end of the
tubular sleeve in abutment with the internal flange that comprises internal threads, and a second tubular
member received within another end of the tubular sleeve in abutment: with the internal flange that
comprises external threads that engage the intemal threads of the first tubular member.

[00219]  An apparatus for extracting geothermal energy from a subterranean source of geothermal
energy has been described a borehole that traverses the subterranean source of geothermal energy, a
first casing string positioned within the borehole, and a second casing string positioned within the
borehole that traverses the subterranean source of geothermal energy that overlaps with the first casing
string. The interior diameter of a passage defined by the first and second casing strings is constant, and
wherein at least one of the first and second casing strings include: a tubular sleeve comprising an
external flange positioned between the ends of the tubular sleeve, a ﬁr:st tubular member that receives
an end of the tubular sleeve that abuts external flange that comprises intemal threads, and a second
tubular member that receives another end of the tubular sleeve that abuts the external flange that
comprises external threads that engage the intemal threads of the first tubular member.

[00220] An apparatus for extracting geothermal energy from a subterranean source of geothermal
energy has been described that includes a borehole that traverses the subterranean source of geothermal
energy, a first casing string positioned within the borehole, and a second casing string within the
borehole that traverses the subterranean source of geothermal energy that overlaps with the first casing
string. The first and second casing strings are radially expanded and plastically deformed within the
borehole. The inside diameter of a passage defined by the first and second casing strings is constant,
and at least one of the first and second casing strings include: a tubular sleeve comprising an internal
flange positioned between the ends of the tubular sleeve, a first tubular member received within an end
of the tubular sleeve in abutment with the intemal flange that comprises internal threads, a second
tubular member received within another end of the tubular sleeve in abutment with the internal flange
that comprises external threads that engage the internal threads of the first tubular member, the tubular

sleeve is in circumferential tension, th first tubular member is in circimferential compression, the
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second tubular member is in circumferential compression, a fluid tight seal is provided between the
tubular sleeve and at least one of the first and second tubular members, and a fluid tiéht seal is
provided between the threads of the first and second tubular members.

[00221]  An apparatus for extracting geothermal energy from a subterranean source of geothermal
energy has been described that includes a borehole that traverses the subterranean source of geothermal
energy, a first casing string positioned within the borehole, and a second casing string positioned
within the borehole that traverses the subterranean source of geothermal energy that overlaps with the
first casing string. The interior diameter of a passage defined by the first and second casing strings is
constant, and at least one of the first and second casing strings include: a tubular sleeve comprising an
external flange positioned between the ends of the tubular sleeve, a first tubular member that receives
an end of the tubular sleeve that abuts external flange that comprises internal threads, and a second
tubular member that receives another end of the tubular sleeve that abuts the external flange that
comprises external threads that engage the intemal threads of the first tubular member. The tubular
sleeve is in circumferential compression, the first tubular member is in circumferential tension, the
second tubular member is in circumferential tension, a fluid tight seal is provided between the tubular
sleeve and at least one of the first and second tubular members, and a fluid tight seal is provided
between the threads of the first and second tubular members.

[00222] A method has been described that includes coupling an end of a first tubular member to an
end of a tubular sleeve, coupling an end of a second tubular member to another end of the tubular
sleeve, coupling the ends of the first and second tubular members, injecting a pressurized fluid through
the first and second tubular members, determining if any of the pressurized fluid leaks through the
coupled ends of the first and second tubular members, and if a predetermined amount of the
pressurized fluid leaks through the coupled ends of the first and second tubular members, then
coupling a tubular sleeve to the ends of the first and second tubular members and radially expanding
and plastically deforming only the portions of the first and second tubular members proximate the
tubular sleeve. In an exemplary embodiment, radially expanding and.plastically deforming only the
portions of the first and second tubular members proximate the tubular sleeve includes displacing an
expansion cone within and relative to the first and second tubular members. In an exemplary
embodiment, radially expanding and plastically deforming only the portions of the first and second
tubular members proximate the tubular sleeve includes applying radial pressure to the interior surfaces
of the first and second tubular member proximate the tubular sleeve using a rotating member.

[00223] A method has been described that includes coupling an end of a first tubular member to an
end of a tubular sleeve, coupling an end of a second tubular member to another end of the tubular
sleeve, coupling the ends of the first and second tubular members, radially expanding and plastically
deforming the first tubular member and the second tubular member, and transmitting energy through

the first and second tubular members. In an exen:plary embodiment, th energy is electrical energy. In
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an exemplary embodiment, the electrical energy is a communication signal. In an exemplary
embodiment, the energy is thermal energy. In an exemplary embodiment, the energy is acoustic
energy. In an exemplary embodiment, the energy is transmitted through the first and second tubular
members prior to radially expanding and plastically deforming the first and second tubular members.
In an exemplary embodiment, the energy is transmitted through the first and second tubular members
after radially expanding and plastically deforming the first and second tubular members. In an
exemplary embodiment, the method further includes placing the tubular members in another structure,
then radially expanding the tubular members, and transmitting energy:through the first and second
tubular members.

[00224] A system has been described that includes a source of energy, a borehole formed in the
earth, a first tubular member positioned within the borehole operably ¢oupled to the source of energy, a
second tubular member positioned within the borehole coupled to the first tubular member, and a
tubular sleeve positioned within the borehole coupled to the first and second tubular members. The
first tubular member, second tubular member, and the tubular sleeve are plastically deformed into
engagement.with one another. In an exemplary embodiment, the source of energy is a source of
electrical energy. In an exemplary embodiment, the source of energy is a source of thermal energy. In
an exemplary embodiment, the source of energy is a source of acoustic energy.

[00225] A method of operating a well for extracting hydrocarbons from a subterranean formation
has been described that includes drilling a borehole into the earth that traverses the subterranean
formation, positioning a wellbore casing in the borehole, transmitting energy through the wellbore
casing, and extracting hydrocarbons from the subterranean formation. The wellbore casing includes a
first tubular member, a second tubular member coupled to the first tubular member, and a tubular
sleeve coupled to the first and second tubular member. The first tubular member, the second tubular
member, and the tubular sleeve are plastically deformed into engagement with one another. In an
exemplary embodiment, the energy is electrical energy. In an exemplary embodiment, the energy is
thermal energy. In an exemplary embodiment, the energy is acoustic energy.

[00226] A method of extracting fluidic materials from first and second producing subterranean
formations traversed by a borehole has been described that includes coupling an end of a first tubular
member to an end of a tubular sleeve, coupling an end of a second tubular member to another end of
the first tubular sleeve, coupling the ends of the first and second tubular members, positioning the
coupled first tubular member, second tubular member and first tubular sleeve within the borehole
proximate the first producing subterranean formation, radially expanding and plastically deformin g the
first tubular member, the second tubular member, and the first tubular sleeve within the borehole,
coupling an end of a third tubular member to an end of a second tubular sleeve, coupling an end of a
fourth tubular member to another end of the second tubular sleeve, coupling the ends of the third and

fourth tubular members, positioning the coupled third tubular member; fourth tubular member and
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second tubular sleeve within the radially expanded and coupled first tubular member, second tubular
member, and first tubular sleeve and the borehole proximate the second producing subterranean
formation, radially xpanding and plastically deforming the third tubular member, the fourth tubular
member, and the second tubular sleeve within the borehole, extracting fluidic materials from the first
producing subterranean formation through an annular passage defined between the radially expanded
and coupled first tubular member, second tubular member, and first tubular sleeve and the radially
expanded and coupled third tubular member, fourth tubular member, and second tubular sleeve, and
extracting fluidic materials from the second producing subterranean formation through a passage
defined within the radially expanded and coupled third tubular member, fourth tubular member, and
second tubular sleeve. In an exemplary embodiment, the method further includes fluidicly sealing an
annular passage defined between the radially expanded and coupled first tubular member, second
tubular member, and first tubular sleeve and the borehole, and fluidicly sealing an annular passage
defined between the radially expanded and coupled third tubular member, fourth tubular member, and
second tubular sleeve and the borehole.

[00227) A system for extracting fluidic materials from first and second producing subterranean
formations traversed by a borehole has been described that includes means for coupling an end of a
first tubular member to an end of a tubular sleeve, means for coupling an end of a second tubular
member to another end of the first tubular sleeve, means for coupling the ends of the first and second.
tubular members, means for positioning the coupled first tubular member, second tubular member and
first tubular sleeve within the borehole proximate the first producing subterranean formation, means for
radially expanding and plastically deforming the first tubular member, the second tubular member, and
the first tubular sleeve within the borehole, means for coupling an end of a third tubular member to an
end of a second tubular sleeve, means for coupling an end of a fourth tubular member to another end of
the second tubular sleeve, means for coupling the ends of the third and fourth tubular members, means
for positioning the coupled third tubular member, fourth tubular member and second tubular sleeve
within the radially expanded and coupled first tubular member, second tubular member, and first
tubular sleeve and the borehole proximate the second producing subterranean formation, means for
radially expanding and plastically deforming the third tubular member, the fourth tubular member, and
the second tubular sleeve within the borehole, means for extracting fluidic materials from the first
producing subterranean formation through an annular passage defined between the radially expanded
and coupled first tubular member, second tubular member, and first tubular sleeve and the radially
expanded and coupled third tubular member, fourth tubular member, and second tubular sleeve, and
means for extracting fluidic materials from the second producing subterranean formation through a
passage defined within the radially expanded and coupled third tubular member, fourth tubular
member, and second tubular sleeve. In an exemplary embodiment, the system further includes mean s

for fluidicly sealing an annular passage defined between the radially xpanded and coupled first tubuilar
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member, second tubular member, and first tubular sleeve and the borehole, and means for fluidicly
sealing an annular passage defined between the radially expanded and coupled third tubular member,
fourth tubular member, and second tubular sleeve and the borehole.

{00228] It is understood that variations may be made in the foregoing without departing from the
scope of the invention. For example, the teachings of the present illustrative embodiments may be
used to provide a wellbore casing, a pipeline, or a structural support. Furthermore, the elements and
teachings of the various illustrative embodiments may be combined in whole or in part in some or all of
‘the illustrative embodiments.

{00229]  Although illustrative embodiments of the invention have been shown and described, a
wide range of modification, changes and substitution is contemplated in the foregoing disclosure. In
some instances, some features of the present invention may be employed without a corresponding use

of the other features. Accordingly, it is appropriate that the appended claims be construed broadly and

in a manner consistent with the scope of the invention.
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Claims

What is claimed is:

1. A method, comprising:
coupling an end of a first tubular member to an end of a tubular sleeve;
coupling an end of a second tubular member to another end of the tubular sleeve;
coupling the ends of the first and second tubular members; and

radially expanding and plaétically deforming the first tubular member and the second tubular

member.
2. The method of claim 1, wherein the tubular sleeve comprises an internal flange.
3. The method of claim 2, wherein coupling the end of the first tubular member to the end of the

tubular sleeve comprises:
inserting the end of the first tubular member into the end of the tubular sleeve into abutment
with the internal flange.
4, The method of claim 3, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:
inserting the end of the second tubular member into the other end of the tubular sleeve into
abutment with the internal flange.
5. The method of claim 2, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:
inserting the end of the second tubular member into the other end of the tubular sleeve into
abutment with the internal flange.
6. The method of claim 1, wherein the tubular sleeve comprises an external flange.
7. The method of claim 6, wherein coupling the end of the first tubular member to the end of the
tubular sleeve comprises:
inserting the end of the tubular sleeve into the end of the first tubular member until the end of
the first tubular member abuts the external flange.
8. The method of claim 7, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:
inserting the other end of the tubular sleeve into the end of the second tubular member until the
end of the second tubular member abuts the external flange.
9. The method of claim 6, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:
inserting the other end of the tubular sleeve into the end of the second tubular member until the
end of the second tubular member abuts the external flange.

10. The method of claim 1, wherein coupling the end of the first tubular member to the end of the

tubular sleeve comprises:
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inserting a retaining ring between the end of the first tubular member and the end of the
tubular sleeve.
11. The method of claim 10, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:
inserting another retaining ring between the end of the second tubular member and the other
end of the tubular sleeve.
12. The method of claim 1, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:
inserting a retaining ring between the end of the first tubular member and the other end of the

tubular sleeve.

13. The method of claim 10, wherein the retaining ring is resilient.

14. The method of claim 11, wherein the retaining ring and the other retaining ring are resilient.
15. The method of claim 12, wherein the retaining ring is resilient.

16. The method of claim 1, wherein coupling the end of the first tubular member to the end of the

tubular sleeve comprises:

deforming the end of the tubular sleeve.
17. The method of claim 16, wherein coupling the end of the secand tubular member to the other
end of the tubular sleeve comprises:

deforming the other end of the tubular sleeve.
18. The method of claim 1, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:

deforming the other end of the tubular sleeve.
19. The method of claim 1, wherein coupling the end of the first tubular member to the end of the
tubular sleeve comprises:

coupling a retaining ring to the end of the first tubular member.
20. The method of claim 19, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:

coupling another retaining ring to the end of the second tubular member.
21.  The method of claim 1, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:

coupling a retaining ring to the end of the second tubular member.
22. The method of claim 19, wherein the retaining ring is resilient.
23. The method of claim 20, wherein the retaining ring and the other retaining ring are resilient.
24. The method of claim 21, wherein the retaining ring is resilient.
25. The method of claim 1, wherein coupling the end of the first tubular member to the end of the

tubular sleeve comprises:
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heating the end of the tubular sleeve; and

inserting the end of the first tubular member into the end of the tubular sleeve.
26.  The method of claim 25, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:

heating the other end of the tubular sleeve; and

inserting the end of the second tubular member into the other end of the tubular sleeve.
27. The method of claim 1, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:

heating the other end of the tubular sleeve; and

inserting the end of the second tubular member into the other end of the tubular sieeve.
28. The method of claim 1, wherein coupling the end of the first tubular member to the end of the
tubular sleeve comprises:

inserting the end of the first tubular member into the end of the tubular sleeve; and

latching the end of the first tubular member to the end of the tubular sleeve.
29. The method of claim 28, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:

inserting the end of the second tubular member into the end of the tubular sleeve; and

latching the end of the second tubular member to the other end of the tubular sleeve.
30. The method of claim 1, wherein coupling the end of the second tubular member to the other
end of the tubular sleeve comprises:

inserting the end of the second tubular member into the end of the tubular sleeve; and

latching the end of the second tubular member to the other end of the tubular sleeve.
31. The method of claim 1, wherein the tubular sleeve further comprises one or more sealing
members for sealing the interface between the tubular sleeve and at least one of the tubular members.
32. The method of claim 1, further comprising:

placing the tubular members in another structure; and

then radially expanding and plastically deforming the first tubular member and the second

tubular member.

33. The method of claim 32, further comprising:

radially expanding the tubular sleeve into engagement with the structure.
34. The method of claim 32, further comprising:

sealing an annulus between the tubular sleeve and the other structure.

35. The method of claim 32, wherein the other structure comprises a wellbore.
36. The method of claim 32, wherein the other structure comprises a wellbore casing.
37. Themethod of claim 1, wherein the tubular sleeve further comprises a sealing element coupled

to the exterior of the tubular sleeve.
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38. The method of claim 1, wherein the tubular sleeve is metallic.
39. The method of claim 1, wherein the tubular sleeve is non-metallic.
40. The method of claim 1, wherein the tubular sleeve is plastic.
41. The method of claim 1, wherein the tubular sleeve is ceramic.
42. The method of claim 1, further comprising:

breaking the tubular sleeve.
43, The method of claim 1, wherein the tubular sleeve includes one or more longitudinal slots.
44, The method of claim 1, wherein the tubular sleeve includes one or more radial passages.

45. The method of claim 1, wherein radially expanding and plastically deforming the first tubular
member, the second tubular member, and the tubular sleeve comprises:
displacing an expansion cone within and relative to the first and second tubular members.
46. The method of claim 1, wherein radially expanding and plastically deforming the first tubular
member, the second tubular member, and the tubular sleeve comprises:
applying radial pressure to the interior surfaces of the first and second tubular member using a
rotating member.
47. The method of claim 1, further comprising:
amorphously bonding the first and second tubular members dyring the radial expansion and
plastic deformation of the first and second tubular members.
48. The method of claim 1, further comprising:
welding the first and second tubular members during the radial expansion and plastic
deformation of the first and second tubular members.
49. The method of claim 1, further compnising:
providing a fluid tight seal within the threaded coupling between the first and second tubular
members during the radial expansion and plastic defarmation of the first and second
tubular members.
50. The method of claim 1, further comprising:
placing the tubular sleeve in circumferential tension;
placing the end of the first tubular member in circumferential compression; and
placing the end of the second tubular member in circumferential compression.
51. The method of claim 1, further comprising:
placing the tubular sleeve in circumferential compression;
placing the end of the first tubular member in circumferential tension; and
placing the end of the second tubular member in circumferential tension.
52. The method of claim 1, wherein radially expanding and plastjcally deforming the first tubular
member and the second tubular member comprises:

radially expanding and plastically deforming only the portions of the first and second members
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53.

54.

proximate the tubular sleeve.

The method of claim 52, further comprising:

providing a fluid tight seal between the tubular sleeve and at least one of the first and second
tubular members.

The method of claim 1, wherein the first tubular member comprises internal threads; and

wherein the second tubular member comprises external threads that engage the internal threads of the

first tubular member.

55.

The method of claim 54, wherein radially expanding and plastically deforming the first tubular

member and the second tubular member comprises:

56.

57.

58.

casings.

59.
60.

61.

radially expanding and plastically deforming only the portions: of the first and second members
proximate the threads of the first and second tubular members.

The method of claim 55, further comprising:

providing a fluid tight seal between the threads of the first and second tubular members.

The method of claim 55, further comprising:

providing a fluid tight seal between the tubular sleeve and at least one of the first and second
tubular members.

The method of claim 1, wherein the first and second tubular members comprise wellbore

The method of claim 1, wherein the first and second tubular members comprise pipes.

A method, comprising;

providing a tubular sleeve comprising an internal flange positioned between the ends of the
tubular sleeve;

inserting an end of a first tubular member into an end of the tubular sleeve into abutment with
the internal flange;

inserting an end of a second tubular member into another end of the tubular sleeve into
abutment the internal flange;

threadably coupling the ends of the first and second tubular members;

radially expanding and plastically deforming the first tubular-member and the second tubular
member;

placing the tubular sleeve in circumferential tension;

placing the end of the first tubular member in circumferential compression; and

placing the end of the second tubular member in circumferential compression.

A method, comprising:

providing a tubular sleeve comprising an external flange positioned between the ends of the
tubular sleeve;

inserting an end of the tubular sleeve into an end of a first tubular member until the end of the
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first tubular member abuts with the external flange; .

inserting another end of the tubular sleeve into an end of the sécond tubular member until the
end of the second tubular member abuts the external flange;

threadably coupling the ends of the first and second tubular members;

radially expanding and plastically deforming the first tubular member and the second tubular
member;

placing the tubular sleeve in circumferential compression;

placing the end of the first tubular member in circumferential tension; and

placing the end of the second tubular member in circumferential tension.

A method, comprising:

providing a tubular sleeve comprising an internal flange positioned between the ends of the
tubular sleeve;

inserting an end of a first tubular member into an end of the tubular sleeve into abutment with
the intemnal flange;

inserting an end of a second tubular member into another end of the tubular sleeve into
abutment the internal flange;

threadably coupling the ends of the first and second tubular members;

radially expanding and plastically deforming only the portions of the first tubular member and
the second tubular member proximate the threads of the first and second tubular
members;

placing the tubular sleeve in circumferential tension;

placing the end of the first tubular member in circumferential compression; and

-placing the end of the second tubular member in circumferential compression.

A method, comprising:

providing a tubular sleeve comprising an external flange positioned between the ends of the
tubular sleeve;

inserting an end of the tubular sleeve into an end of a first tubular member until the end of the
first tubular member abuts with the external flange;

inserting another end of the tubular sleeve into an end of the second tubular member unti] the
end of the second tubular member abuts the external flange;

threadably coupling the ends of the first and second tubular members;

radially expanding and plastically deforming only the portions of the first tubular member and
the second tubular member proximate the threads of the first and second tubular
members;

placing the tubular sleeve in circumferential compression;

placing the end of the first tubular member in circumferential tension; and
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placing the end of the second tubular member in circumferential tension.
64. An apparatus, comprising;
a tubular sleeve;
a first tubular member coupled to an end of the tubular sleeve; and
a second tubular member coupled to another end of the tubular sleeve and the first tubular
member.
65. The apparatus of claim 64,
wherein the tubular sleeve is in circumferential tension;
wherein the end portion of the first tubular member is in circumferential compression; and
wherein the end portion of the second tubular member is in circumferential compression.
66. The apparatus of claim 64,
wherein the tubular sleeve is in circumferential compression;
wherein the end portion of the first tubular member is in circumferential tension; and
wherein the end portion of the second tubular member is in circumferential tension.
67. The apparatus of claim 64, wherein the tubular sleeve comprises an internal flange.
68. The apparatus of claim 67, wherein the end portion of the first tubular member is received
within an end of the tubular sleeve; and wherein the end portion of the second tubular memiber is
received within another end of the tubular sleeve.
69. The apparatus of claim 68, wherein the end portions of the first and second tubular members
abut the internal flange of the tubular sleeve.
70. The apparatus of claim 67, wherein the end portion of the first tubular member is received
within an end of the tubular sleeve.
71. The apparatus of claim 70, wherein the end portions of the first and second tubular members
abut the internal flange of the tubular sleeve.
72. The apparatus of claim 67, wherein the end portion of the second tubular member is received
within an end of the tubular sleeve.
73. The apparatus of claim 72, wherein the end portions of the first and second tubular members
abut the internal flange of the tubular sieeve.
74. The apparatus of claim 67, wherein the internal flange of the tubular sleeve is positioned
between the ends of the tubular sleeve.
75. The apparatus of claim 67, wherein the internal flange of the tubular sleeve is positioned at an
end of the tubular sleeve.
76. The apparatus of claim 64, wherein the tubular sleeve comprises an external flange.
77. The apparatus of claim 76, wherein an end portion of the tubular sleeve is received within the
first tubular member; and wherein anofher end portion of the tubular sleeve is received within the end

portion of the second tubular member.
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78. The apparatus of claim 77, wherein the end portions of the first and second tubular members
abut the extemal flange of the tubular sleeve,
79. The apparatus of claim 76, wherein an end portion of the tubular sleeve is received within the
end portion of the first tubular member.
30. The apparatus of claim 79, wherein the end portions of the first and second tubular members
abut the external flange of the tubular sleeve.
81. The apparatus of claim 76, wherein an end portion of the tubular sleeve is received within the
end portion of the second tubular member.
82. The apparatus of claim 81, wherein the end portions of the first and second wbular members
abut the external flange of the tubular sieeve.
83. The apparatus of claim 76, wherein the external flange of the tubular sleeve is positioned
between the ends of the tubular sleeve.
84. The apparatus of claim 76, wherein the external flange of the tubular sleeve is positioned at an
end of the tubular sleeve.
85. The apparatus of claim 64, wherein the tubular sleeve further comprises one or more sealing
members for sealing the interface between the tubular sleeve and at least one of the tubular members.
86. The apparatus of claim 64, further comprising:
| aretaining ring positioned between the end of the first tubular member and the end of the
tubular sleeve.

87. The apparatus of claim 86, further comprising:

another retaining ring positioned between the end of the second tubular member and the other

end of the tubular sleeve.

88. The apparatus of claim 64, further comprising:

aretaining ring positioned between the end of the first tubular member and the other end of the

tubular sleeve.

89. The apparatus of claim 86, wherein the retaining ring is resilient.

90. The apparatus of claim 87, wheréin the retaining ring and the other retaining ring are resilient.
91. The apparatus of claim 88, wherein the retaining ring is resilient.

92. The apparatus of claim 64, wherein the end of the tubular sleeve is deformed onto the end of
the first tubular member.

93. The apparatus of claim 92, wherein the other end of the tubular sleeve is deformed onto the

end of the second tubular member.

94. The apparatus of claim 64, wherein the other end of the tubular sleeve is deformed onto the
end of the second tubular member.

9s. The apparatus of claim 64, further comprising:

a retaining ring coupled to the end of the first tubular member for retaining the tubular sleeve
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onto the end of the first tubular member.
96. The apparatus of claim 95, further comprising:
another retaining ring coupled to the end of the second tubular member for retaining the other
end of the tubular sleeve onto the end of the second mbular member.
97. The apparatus of claim 64, further comprising:
a retaining ring coupled to the end of the second tubular member for retaining the other end of
the tubular sleeve onto the end of the second tubular member.
98. The apparatus of claim 95, wherein the retaining ring is resilient.
99. The apparatus of claim 96, wherein the retaining ring and the other retaining ring are resilient.
100.  The apparatus of claim 97, wherein the retaining ring is resilient.
101.  The apparatus of claim 64, forther comprising;
a locking ring for coupling the end of the first tubular member to the end of the tubular sleeve.
102.  The apparatus of claim 101, further comprising:
another locking ring for coupling the end of the second tubular member to the other end of the
tubular sleeve.
103.  The apparatus of claim 64, further comprising:
a locking ring for coupling the end of the second tubular member to the other end of the
tubular sleeve.
104.  The apparatus of claim 64, further comprising:
a structure for receiving the first and second tubular members and the tubular sleeve;
wherein the tubular sleeve contacts the interior surface of the structure.
105.  The apparatus of claim 104, wherein the tubular sleeve further comprises:
a sealing member for fluidicly sealing the interface between the tubular sleeve and the
structure.
106.  The apparatus of claim 104, wherein the other structure comprises a wellbore.
107.  The apparatus of claim 104, wherein the other structure comprises a wellbore casing.
108.  The apparatus of claim 64, wherein the tubular sleeve further comprises a sealing element
coupled to the exterior surface of the tubular sleeve.
109.  The apparatus of claim 64, wherein the tubular sleeve is metatlic.
110.  The apparatus of claim 64, wherein the tubular sleeve is non-metallic.
111, The apparatus of claim 64, wherein the tubular sleeve is plastic.
112.  The apparatus of claim 64, wherein the tubular sleeve is ceramic.
113.  The apparatus of claim 64, wherein the tubular sleeve is frangible.
114.  The apparatus of claim 64, wherein the tubular sleeve comprises one or more longitudinal
slots.

115.  The apparatus of claim 64, wherein the tubular sleeve comprises one or more radial passages.

72




WO 2004/009950 PCT/US2003/020694

116.  The apparatus of claim 64, wherein the first and second tubular members are amorphously
bonded.
117.  The apparatus of claim 64, wherein the first and second tubular members are welded.
118.  The apparatus of claim 64, wherein only the portions of the first and second tubular members
proximate the tubular sleeve are plastically deformed.
119.  The apparatus of claim 118, wherein a fluid tight seal is provided between the tubular sleeve
and at least one of the first and second tubular members.
120. The apparatixs of claim 64, wherein the first tubular member comprises internal threads; and
wherein the second tubular member comprises external threads that engage the internal threads of the
first tubular member.
121.  The apparatus of claim 120, wherein only the portions of the first and second members
proximate the threads of the first and second tubular members are plastically deformed.
122.  The apparatus of claim 121, wherein a fluid tight seal is provided between the threads of the
first and second tubular members.
123.  The apparatus of claim 121, wherein a fluid tight seal is provided between the tubular sleeve
and at least one of the first and second tubular members.
124.  An apparatus, comprising:
a tubular sleeve comprising an internal flange positioned between the ends of the tubular
sleeve;
a first tubular member received within an end of the tubular sleeve in abutment with the
internal flange that comprises internal threads; and
a second tubular member received within another end of the tubular sleeve in abutment with
the internal flange that comprises external threads that engage the internal threads of
the first tubular member;
wherein the tubular sleeve is in circumferential tension;
wherein the end of first tubular member is in circumferential compression; and
wherein the eﬁd of the second tubular member is in circumferential compression.
125.  An apparatus, comprising;
a tubular sleeve comprising an external flange positioned between the ends of the tubular
sleeve;
a first tubular member that receives an end of the tubular sleeve and abuts the external flange
that comprises internal threads; and
a second tubular member that receives another end of the tubular sleeve that abuts the external
flange that comprises external threads that engage the internal threads of the first
tubular member;

wherein the tubular sleeve is in circumferential compression;
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126.

127.

128.

wherein the first tubular member is in circumferential tension; and

wherein the second tubular member is in circumferential tension.

An apparatus, comprising:

a tubular sleeve comprising an internal flange positioned between the ends of the tubular
sleeve;

a first tubular member received within an end of the tubular sl¢eve in abutment with the
internal flange that comprises internal threads; and

a second tubular member received within another end of the tubular sleeve in abutment with
the internal flange that comprises external threads that engage the internal threads of
the first tubular member;

wherein the tubular sleeve is in circumferential tension;

wherein the end of first tubular member is in circumferential compression;

wherein the end of the second tubular member is in circumferential compression;

wherein a fluid tight seal is provided between the tubular sleeve and at least one of the first and
second tubular members; and

wherein a fluid tight seal is provided between the threads of the first and second tubular
members.

An apparatus, comprising:

a tubular sleeve comprising an external flange positioned between the ends of the tubular
sleeve;

a first tubular member that receives an end of the tubular sleeve and abuts the external flange
that comprises internal threads; and

a second tubular member that receives another end of the tubylar sieeve that abuts the external
flange that comprises external threads that engage the internal threads of the first
tubular member;

wherein the tubular sleeve is in circumferential compression;

wherein the first tubular member is in circumferential tension;

wherein the second tubular member is in circumferential tension;

wherein a fluid tight seal is provided between the tubular sleeve and at least one of the first and
second tubular members; and

wherein a fluid tight seal is provided between the threads of the first and second tubular
members.

A method of extracting geothermal energy from a subterranean source of geothermal energy,

comprising:

drilling a borehole that traverses the subterranean source of geothermal energy;

positioning a first casing string within the borehole;
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129.

radially expanding and plastically deforming the first casing string within the borehole;

positioning a second casing string within the borehole that traverses the subterranean source of
geothermal energy;

overlapping a portion of the second césing string with a portion of the first casing string;

radially expanding and plastically deforming the second casing string within the borehole; and

extracting geothermal energy from the subterranean source of geothermal energy using the first
and second casing strings.

The method of claim 128, wherein the interior diameter of a passage defined by the first and

second casing strings is constant.

130.

131.

The method of claim 128, wherein at least one of the first and second casing strings comprise:

atubular sleeve;

a first tubular member coupled to an end of the tubular sleeve comprising intemal threads at an
end portion; and

a second tubular member coupled to another end of the tubular sleeve comprising external
threads at an end portion that engage the internal threads of the end portion of the first
tubular member.

A method of extracting geothermal energy from a subterranean source of geothermal energy,

comprising:

drilling a borehole that traverses the subterranean source of geothermal energy;

positioning a first casing string within the borehole;

radially expanding and plastically deforming the first casing string within the borehole;

positioning a second casing string within the borehole that traverses the subterranean source of
geothermal energy;

overlapping a portion of the second casing string with‘a portion of the first casing string;

radially expanding and plastically deforming the second casing string within the borehole; and

extracting.geothermal energy from the subterranean source of geothermal energy using the first
and second casing strings;

wherein the interior diameter of a passage defined by the first and second casing strings is
constant; and

wherein at least one of the first and second casing strings comprise:
a tubular sleeve comprising an intemal flange positioned between the ends of the

tubular sleeve; '
a first tubular member received within an end of the tubular sleeve in abutment with
the internal flange that comprises internal threads; and

a second tubular member received within another end of the tubular sleeve in

abutment with the internal flange that comprises external threads that engage

75




WO 2004/009950 PCT/US2003/020694

132,

133.

the intemnal threads of the first tubular member.
A method of extracting geothermal energy from a subterranean source of geothermal energy,
comprising:
drilling a borehole that traverses the subterranean source of geothermal energy;
positioning a first casing string within the borehole;
radially expanding and plastically deforming the first casing string within the borehole;
positioning a second casing string within the borehole that traverses the subterranean source of
geothermal energy;
overlapping a portion of the second casing string with a portion of the first casing string;
radially expanding and plastically deforming the second casing string within the borehole; and
extracting geothermal energy from the subterranean source of geothermal energy using the first
and second casing strings;
wherein the interior diameter of a passage defined by the first and second casing strings is
constant; and
wherein at least one of the first and second casing strings comprise:
a tubular sleeve comprising an external flange positioned between the ends of the
tubular sleeve;
a first tubular member that receives an end of the tubular sleeve that abuts external
flange that comprises internal threads; and
a second tubular member that receives another end of the tubular sleeve that abuts the
external flange that comprises external threads that engage the internal threads
of the first tubular member.
A method of extracting geothermal energy from a subterranean source of geothermal energy,
comprising:
drilling a borehole that traverses the subterranean source of geothermal energy,
positioning a first casing string within the borehole;
radially expaﬁding and plastically deforming the first casing string within the borehole;
positioning a second casing string within the borehole that traverses the subterranean source of
geothermal energy;
overlapping a portion of the second casing string with a portion of the first casing string;
radially expanding and plastically deforming the second casing string within the borehole; and
extracting geothermal energy from the subterranean source of geothermal energy using the first
and second casing strings;
wherein the interior diameter of a passage defined by the first and second casing strings is
constant; and

wherein at least one of the first and second casing strings comprise:
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a tubular sleeve comprising an internal flange positioned between the ends of the
tubular sleeve;
a first tubular member received within an end of the tubular sleeve in abutment with
the internal flange that comprises internal threads; and
a second tubular member received within another end of the tubular sleeve in
abutment with the internal flange that comprises external threads that engage
the internal threads of the first tubular member;
wherein the tubular sleeve is in circumferential tension;
wherein the first tubular member is in circumferential compression;
wherein the second tubular member is in circumferential compression;
wherein a fluid tight seal is provided between the tubular sleeve and at least one of the
first and second tubular members; and
wherein a fluid tight seal is provided between the threads of the first and second
‘tubular members.
134. A method of extracting geothermal energy from a subterranean source of geothermal energy,
comprising:
drilling a borehole that traverses the subterranean source of geothermal energy;
positioning a first casing string within the borehole;
radially expanding and plastically deforming the first casing string within the borehole;
positioning a second casing string within the borehole that traverses the subterranean source of
geothermal energy;
overlapping a portion of the second casing string with a portion of the first casing string;
radially expanding and plastically deforming the second casing string within the borehole; and
extracting geothermal energy from the subterranean source of geothermal energy using the first
and second casing strings;
wherein the interior diameter of a passage defined by the first and second casing strings is
constant; and
wherein at least one of the first and second casing strings comprise:
a tubular sleeve comprising an external flange positioned between the ends of the
tubular sleeve;
a first tubular member that receives an end of the tubular sleeve that abuts external
flange that comprises internal threads; and
a second tubular member that receives another end of the tubular sleeve that abuts the
external flange that comprises external threads that engage the internal threads
of the first tubular member;

wherein the tubular sleeve is in circumferential compression,;
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wherein the first tubular member is in circumferential tension;
wherein the second tubular member is in circumferential tension;
wherein a fluid tight seal is provided between the tubular sleeve and at least one of the
first and second tubular members; and
wherein a fluid tight seal is provided between the threads of the first and second
tubular members.
135.  An apparatus for extracting geothermal energy from a subterranean source of geothermal
energy, comprising:
a borehole that traverses the subterranean source of geothermal energy;
a first casing string positioned within the borehole; and
a second casing positioned within the borehole that overlaps with the first casing string that
traverses the subterranean sburce of geothermal energy;
wherein the first casing string and the second casing string are radially expanded and
plastically deformed within the borehole.
136. . The apparatus of claim 135, wherein the interior diameter of a passage defined by the first and
second casing strings is constant.
137.  The apparatus of claim 135, wherein at least one of the first and second casing strings
comprise:
a tubular sleeve;
a first tubular member coupled to an end of the tubular sleeve comprising internal threads at an
end portion; and
a second tubular member coupled to another end of the tubuiar sleeve comprising external
threads at an end portion that engage the internal threads of the end portion of the first
tubular member. .
138.  An apparatus for extracting geothermal energy from a subterranean source of geothermal
energy, comprising:
a borehole that traverses the subterranean source of geothermal energy;
a first casing string positioned within the borehole;
a second casing string within the borehole that traverses the subterranean source of geothermal
energy that overlaps with the first casing string;
wherein the first and second casing strings are radially expanded and plastically deformed
within the borehole;
wherein the inside diameter of a passage defined by the first and second casing strings is
constant; and
wherein at least one of the first and second casing strings comprise:

a tubular sleeve comprising an internal flange positioned betw en the ends of the
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tubular sleeve;
a first tubular member received within an end of the tubular sleeve in abutment with
the internal flange that comprises internal threads; and
a second tubular member received within another end of the tubular sleeve in
abutment with the internal flange that comprisés external threads that engage
the internal threads of the first tubular member.
139.  An apparatus for extracting geothermal energy from a subterranean source of geothermal
energy, comprising:
a borehole that traverses the subterranean source of geothermal energy;
a first casing string positioned within the borehole; and
a second casing string positioned within the borehole that traverses the subterranean source of
geothermal energy that overlaps with the first casing string;

wherein the interior diameter of a passage defined by the first and second casing strings is

constant; and
wherein at least one of the first and second casing strings comprise:

a tubular sleeve comprising an external flange positioned between the ends of the

tubular sleeve;

a first tubular member that receives an end of the tubular sleeve that abuts external
flange that comprises internal threads; and

a second tubular member that receives another end of the tubular sleeve that abuts the

external flange that comprises external threads that engage the internal threads
of the first tubular member.

140.  An apparatus for extracting geothermal energy from a subterranean source of geothermal
energy, comprising:

a borehole that traverses the subterranean source of geothermal energy;

a first casing string positioned within the borehole;

a second casing string within the borehole that traverses the subterranean source of geothermal

energy that overlaps with the first casing string;

wherein the first and second casing strings are radially expanded and plastically deformed

within the borehole;

wherein the inside diameter of a passage defined by the first and second casing strings is

constant; and
wherein at least one of the first and second casing strings comprise:

a tubular sleeve comprising an internal flange positioned between the ends of the

tubular sleeve;

a first tubular member received within an end of the tubular sleeve in abutment with
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the internal flange that comprises internal threads;

a second tubular member received within another end of the tubular sleeve in
abutment with the internal flange that comprises external threads that engage
the internal threads of the first tubular member;

wherein the tubular sleeve is in circumferential tension;

wherein the first tubular member is in circumferential compression;

wherein the second tubular member is in circumferential compression;

wherein a fluid tight seal is provided between the tubular sleeve and at least one of the
first and second tubular members; and

wherein a fluid tight seal is provided between the threads of the first and second
tubular members.

141.  An apparatus for extracting geothermal energy from a subterranean source of geothermal
energy, comprising;:
a borehole that traverses the subterranean source of geothermal energy;
a first casing string positioned within the borehole; and
a second casing string positioned within the borehole that traverses the subterranean source of
geothermal energy that overlaps with the first casing string;
wherein the interior diameter of a passage defined by the first and second casing strings is
constant; and
wherein at least one of the first and second casing strings comprise:

a tubular sleeve comprising an external flange positioned between the ends of the
tubular sleeve;

a first tubular member that receives an end of the tubular sleeve that abuts external
flange that comprises internal threads;

a second tubular member that receives another end of the tubular sleeve that abuts the

external flange that comprises external threads that engage the internal threads
of the first tubular member;

wherein the tubular sleeve is in circumferential compression;

wherein the first tubular member is in circumferential tension;

wherein the second tubular member is in circumferential tension;

wherein a fluid tight seal is provided between the tubular sleeve and at least one of the
first and second tubular members; and

wherein a fluid tight seal is provided between the threads of the first and second
tubular members.

142. A method, comprising:

coupling the ends of first and second tubular members;
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injecting a pressurized fluid through the first and second fubular members;
determining if any of the pressurized fluid leaks through the coupled ends of the first and
second tubular members; and
if a predetermined amount of the pressurized fluid leaks through the coupled ends of the first
and second tubular members, then coupling a tubular sleeve to the ends of the first and
second tubular members and radially expanding and plastically deforming only the
portions of the first and second tubular members proximate the tubular sleeve.
143, The method of claim 142, wherein radially expanding and plastically deforming only the
portions of the first and second tubular members proximate the tubular sleeve comprises:
displacing an expansion cone within and relative to the first and second tubular members.
144.  The method of claim 142, wherein radially expanding and plastically deforming only the
portions of the first and second tubular members proximate the tubular sleeve comprises:
applying radial pressure to the interior surfaces of the first and second tubular member
proximate the tubular sleeve using a rotating member.
145.  The method of claim 1, further comprising:
transmitting energy through the first and second tubular members.
146.  The method of claim 145, wherein the energy comprises electrical energy.
147.  The method of claim 146, wherein the electrical energy comprises a communication signal.
148.  The method of claim 145, wherein the energy comprises thermal energy.
149.  The method of claim 145, wherein the energy comprises acoustic energy.
150.  The method of claim 145, wherein the energy is transmitted through the first and second
tubular members prior to radially expanding and plastically deforming the first and second tubular
members. v
151.  The method of claim 145, wherein the energy is transmitted through the first and second
tubular members after radially expanding and plastically deforming the first and second tubular
members.
152. The method of claim 32, further comprising:
transmitting energy through the first and second tubular members.
153.  The method of claim 152, wherein the energy comprises electrical energy.
154.  The method of claim 153, wherein the electrical energy comprises a communication signal.
155. The method of claim 152, wherein the energy comprises thermal energy.
156.  The method of claim 152, wherein the energy comprises acoustic energy.
157.  The method of claim 152, wherein the energy is transmitted through the first and second
tubular members prior to radially expanding and plastically deforming the first and second tubular
members.

158.  Themethod of claim 152, wherein the energy is transmitted through the first and second

81




WO 2004/009950 PCT/US2003/020694

tubular members after radially expanding and plastically deforming the first and second tubular

members.

159.

A system comprising:

a source of energy;

a borehole formed in the earth;

a first tubular member positioned within the borehole operably coupled to the source of
-energy;

a second tubular member positioned within the borehole coupled to the first tubular member;
and

a tubular sleeve positioned within the borehole coupled to the first and second tubular
members;

wherein the first tubular member, second tubular member, and the tubular sleeve are plastically

deformed into engagement with one another.

160.  The system of claim 159, wherein the source of energy comprises a source of electrical energy.
161.  The system of claim 159, wherein the source of energy comprises a source of thermal energy.
162. The system of claim 159, wherein the source of energy comprises a source of acoustic energy.
163. A method of operating a well for extracting hydrocarbons from a subterranean formation,
comprising:
drilling a borehole into the earth that traverses the subterranean formation;
positioning a wellbore casing in the borehole;
transmitting energy through the wellbore casing; and
extracting hydrocarbons from the subterranean formation;
wherein the wellbore casing comprises:
a first tubular member;
a second tubular member coupled to the first tubular, member; and
a tubular sleeve coupled to the first and second tubular member; and
wherein the first tubular member, the second tubular member, and the tubular sleeve are
plastically deformed into engagement with one another.
164.  The method of claim 163, wherein the energy comprises electrical energy.
165. The system of claim 163, wherein the energy comprises thermal energy.
166. The system of claim 163, wherein the energy comprises acoustic energy.
167. A method of extracting fluidic materials from first and second producing subterranean

formations traversed by a borehole, comprising;

coupling an end of a first tubular member to an end of a tubular sleeve;
coupling an end of a second tubular member to another end of the first tubular sleeve;

coupling the ends of the first and second tubular members;
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168.

169.

positioning the coupled first tubular member, second tubular member and first tubular sleeve
within the borehole proximate the first producing subterranean forméltion;

radially expanding and plastically deforming the first tubular member, the second tubular
member, and the first tubular sleeve within the borehole;

coupling an end of a third tubular member to an end of a second tubular sleeve;

coupling an end of a fourth tubular member to another end of the second tubular sleeve;

coupling the ends of the third and fourth tubular members;

positioning the coupled third tubular member, fourth tubular member and second tubular
sleeve within the radially expanded and coupled first tubular member, second tubular
member, and first tubular sleeve and the borehole proximate the second producing
subterranean formation;

radially expanding and plastically deforming the third tubular member, the fourth tubular
member, and the second tubular sleeve within the borehole;

extracting fluidic materials from the first producing subterranean formation through an annular
passage defined between the radially expanded and coupled first tubular member,
second tubular member, and first tubular sleeve and the radially expanded and coupled
third tubular member, fourth tubular member, and second tubular sleeve; and

extracting fluidic materials from the second producing subterranean formation through a
passage defined within the radially expanded and coupled third tubular member,
fourth tubular member, and second tubular sleeve.

The method of claim 167, further comprising:

fluidicly sealing an annular passage defined between the radially expanded and coupled first
tubular member, second tubular member, and first tubular sleeve and the borehole; and

fluidicly sealing an annular passage defined between the radially expanded and coupled third
tubular member, fourth tubular member, and second tubular sleeve and the borehole.

A system for extracting fluidic materials from first and second producing subterranean

formations traversed by a borehole, comprising:

means for coupling an end of a first tubular member to an end of a tubular sleeve;

means for coupling an end of a second tubular member to another end of the first tubular
sleeve;

means for coupling the ends of the first and second tubular members;

means for positioning the coupled first tubular member, second tubular member and first
tubular sleeve within the borehole proximate the first producing subterranean
formation;

means for radially expanding and plastically deforming the first tubular member, the second

tubular member, and the first tubular sleeve within the borehole;
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170.

means for coupling an end of a third tubular member to an end of a second tubular sleeve;

means for coupling an end of a fourth tubular member to another end of the second tubular
sleeve;

means for coupling the ends of the third and fourth tubular members;

means for positioning the coupled third tubular member, fourth tubular member and second
tubular sleeve within the radially expanded and coupled first tubular member, second
tubular member, and first tubular sleeve and the borehole proximate the second
producing subterranean formation;

means for radially expanding and plastically deforming the third tubular member, the fourth
tubular member, and the second tubular sleeve within-the borehole;

means for extracting fluidic materials from the first producing: subterranean formation through
an annular passage defined between the radially expanded and coupled first tubular
member, second tubular member, and first tubular sleeve and the radially expanded
and coupled third tubular member, fourth tubular member, and second tubular slee\;e;
and

means for extracting fluidic materials from the second producing subterranean formation
through a passage defined within the radially expanded and coupled third tubular
member, fourth tubular member, and second tubular sleeve.

The system of claim 169, further comprising:

means for fluidicly sealing an annular passage defined between the radially expanded and
coupled first tubular member, second tubular member, and first tubular sleeve and the
borehole; and

means for fluidicly sealing an annular passage defined between the radially expanded and
coupled third tubular member, fourth tubular member; and second tubular sleeve and
the borehole.
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AMENDED CLAIMS
[received by the International Bureau n 09 January 2004 (09.01.04);

riginal claim 64 cancelled; riginal claims 65, 67, 76, 85, 86, 88, 92, 94, 95, 97,
101, 103, 104, 106, 118 and 120 amended; remaining claims unchanged (18 pag s)]

64.
6S.

66.

67.

68.

placing the end of the second tubular mgmber in circumferential tension.
Cancelled ‘
An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an end of the mbular sleeve; and
a second tubular member coupled to amither end of the tobular slseve and the first mbular
member;
wherein the tubular sleeve is in circumferential tension;
wherein the end portion of the first tubular member is in circumferential compression; and
wherein the end portion of the second tubular me.mberlis in circumferential compression.
An apparatus, comprising:
a tubular slecve;
a first tubular member coupled to an end of the tubular sleeve; and
a secand tubular member coupled to another end of the tubular siéeve and the first tubular
member; '
wherein the tubular sleeve is in circumferential compression;
wherein the end portion of the first tubufar member is in circumfegenﬁal tension; and
wherein the end portion of the second tubular member is in circumferential tension.
An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an endiof the tubular sleeve; and
a second tubular member coupled to another end of the tubular sldeve and the first tubular
member,
wherein the tubular sleeve comprises en internzl flange.
The apparetus of claim 67, wherein the end portion of the first tubular member is received

within an end of the tubular sleeve; and wherein the end portion of the second tubular member is
received within another end of the tubular sleeve.

69.

The apparstus of claim 68, wherein the end portions of the first and second tubular members

abut the internal flange of the tubular sleeve.

70.

The apparatus of claim 67, wherein the ead portion of the first tubular member is received

within an end of the tubular sleeve.

n.

The apparatus of claim 70, wherein the eiid portions of the first and second tubular members

abut the internal flange of the tubular sleeve.

72.

The apparatus of claim 67, whetein the ead portion of the second tubular member is received

within an end of the tubular sleeve.

73.

The apparatus of claim 72, wherein the end portions of the first and second tubular members
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gbut the intemnal flange of the tubular sleev . .
74.  The apparatus of claim 67, wherein the internal flange of the tubular sleeve is positioned
between the ends of the tubular sleeve. '
75.  The apparstus of claim 67, wherein the internal flange of the tubular slesve is positioned at an
end of the tubular sleeve.
76. An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an end of the tbular sleeve; and
a second tubular member coupled to another end of the tubular sleeve and the first tubular
member,;
wherein the tubular sleeve comprises anlexternal flange.
77.  The apparatus of claim 76, wherein an end portion of the tubular slecve is received within the
first tubular member; and whetein ancther end portion of the tubular sleeve is received within the end
portion of the second tubular member.
78.  The apparatus of claim 77, wherein the end portions of the first and second tubular members
abut the external flange of the tubular sleeve.
79.  The apparatus of claim 76, wherein an end portion of the tubular sleeve is received within the
end poﬂidn of the first tubular member.
80.  The apparatus of claitn 79, wherein'the end portions of the first and second tubular members
abut the external flange of the tubular sleeve.
81.  The apparatus of claim 76, wherein an end portion of the tubular sleeve is received within the
end portion of the second tubular member.
82. The apparatus of claim 81, wherein the end portions of the first and second tubular members
abut the external flange of the tubular sleeve.
83.  The apparatus of claim 76, wherein the extemal ﬂn.ngelof the tubular sleeve is positioned
between the ends of the tubular sleeve.
84.  The apparatus of claim 76, wherein the external flange of the tubular sleeve is positioned at an
end of the tubular sleeve.
8s. An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an endlof the tubular sleeve; and
a second tubular member coupled to anower end of the tubular sléeve and the first tubular
member;
wherein the tubular sleeve further comprises one or more sealing members for sealing the
interface between th tubular sleéve and atleaston the tubular members.
86, An apparatus, comprising:
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a tubular sleeve;
a first tubular member coupled to an end of the tubular slesve;
a second tubular member coupled to andther end of the tubular sieeve and the first tubular
member; and » , |
a retaining ring positioned between the end of the first tubular member and the end of the
tubular sleeve. .
87. The apparatus of claim 86, further comprising:
another retaining ring positioned between the end of the second tublilar member and the other
ed of the tubular sleeve. .
88. An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an end of the tubular sleeve;
a second tubular member coupled to another end of the tubular sleeve end the first tubular
member; and
a retaining ring positioned between the end of the first tubular member and the other end of the
tubular sleeve. :
89. The apparatus of claim 86, wherein the retaining ring is resilient.
90. The apparatus of claim 87, wherein the sctaining ring and the other fetaining ring are resilient.
91 The apparatus of claim 88, wherein the rétaining ring is resilient.
92. An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an end of the tubular sleeve; and
a second fubular member coupled to another end of the tubular sleeve and the fixst tubular
member; V
wherein the end of the tubular sleeve is deformed onto the end of the first tubular member.
93. The apparatus of claim 92, wherein the other end of the tubular sle&e is deforrned onto the
end of the second tubular member. '
94, An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an end of the tubular sleeve; and
a second tubular member coupled to another end of the tubular sleeve and the first tubular
member;
‘wherein the other end of the tubular sleeve is deformed onto the end of the second tubular
member.
95, An apparatus, comprising:

a tubular sleeve;
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100.
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102.

103.

104.
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a first tubular member coupled to m end of the tubular sleeve;
a second tubular member coupled to another end of the tubular sleave and the first tubular
member; and
& retaining ring coupled to the end of thi first tubular member for retaining the tubular sleeve
onto the end of the first tubular imember.
The apparatus of claim 95, further comprising;
another retaining ring coupled to the end of the second tubular member for retaining the other
end of the tubular sleeve onto thie end of the second tubulér member.
An gpparatus, compfising:
a tubular sleeve;
a first tubular member coupled to an end of the tubular sleeve;
a second tubular member covpled to another end of the tubular sleeve and the first tubular
member; and
a retaining ring coupled to the end of the second tubular member for retaining the other end of
the tubular sleeve onto the end of the second tubular member.
The apparatus of claim 95, wherein the retaining ring is resilieat.
The apparatus of claim 96, wherein the Tetaining ring and the other retaining ring are resilient.
The eppatatus of claim 97, wherein the retaining ring is resilient.
An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an end of the tubular sleeve;
a second tubular member coupled to another end of the tubular sleeve and the first ubular
member; and
a locking ring for coupling the end of the first tubular member to the end of the tubular sleeve.
The apparatus of claim 101, further comprising: '
another locking ring for coupling the end of the second tubular member to the other end of the
tubular sleeve.
An apparatus, comprising:
a tubular sleeve; _
a first tubular member coupled to snend of the tubular sleeve;
a second tubular member coupled to another end of the tubular sleeve and the first tubular
member; and
a locking ring for coupling the end of the second tubular member to the other end of the
tubular sleeve.
An apparatus, comprising:
a tubular sleeve;
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106.
107.
108.

109.

110.

11

112,

a first tubular member coupled to an end of the tubular sleeve;
a second tubular member coupled to anether end of the tubular sleeve and the first tubular
member; and '
a structure for receiving the first and second tubular members and the tubular sleeve;
wherein the tubular sleeve contacts the interiorsurface of the structure.
The apparatus of claim 104, wherein the tubular sleeve further comprises:
a sealing member for fluidicly sealing the intertace between the tubular sleeve and the
structire.
The apparatus of claim 104, wherein the structure comprisés a wellbore.
The apparatus of claim 104, wherein the structure comprises a wellbore casing.
An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an end of the tubular sleeve; and
a second tubular member coupled to another end of the tubuf_ar sleeve and the first tubular
member;
wherein the tubular sleeve further compsises a sealing clement coupled to the exterior surface
of the tubular sleeve.
An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an end|of the tubular sleeve; and
a second tubular member coupled to another end of the tubblar sleeve and the first tubular
member;
wherein the tubular slecve is metallic.
An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an endiof the tubular slecve; and
a second tubular member coupled to another end of the tubular sleeve and the first tubular
member;
wherein the tubular sleeve is non-ﬁnetallin':.
An apparatus, comprising:
a tubular slesve;
& first tubular member coupled to an end of the tubular sleeve; and
8 second tubular member coupled to another end of the ubular sleeve and the first tubular
member,
wherein the tubular sleeve is plastic.
An apparatus, comprising:
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a tubular sleeve;
a first tubular member coupled to an ent of the tubular skeeve; and
a second tubvlar member coupled to another end of the tubular sleeve and the first tubulac
member; ‘
wherein the tubular sleeve is ceramic.
An apparatus, comprising:
a tubular sleeve;
a first tubular member coupled to an end of th¢ tubular sleeve; and
a second tubular member coupled to another efid of the tubular sleeve and the first tubular
member;
wherein the tubular sleeve is frangible.
An apparatus, comprising:
a tubuler sleeve;
a first tubular member coupled to an end of thdfubular sieeve; and
a second tubular member coupled to andther edid of the tubular sieevc and the first tubular
member;
wherein the tubular sleeve comprises one or mpre longitudinal s]ﬁ:ts.
An apparatus, comprising:
atubular sleeve;
a first tubular member coupled to an end of thel tubular sleeve; and
a second tubular member coupled to anoither erjd of the tubular sleeve and the first tubular
member; .
wherein the tubular sleeve comprises oné or more radial passages.
An apparatus, comprising: -
a tubular sleeve;
a first tubular member coupled to an end!of thejtubular sleeve; and
a second tubular member coupled to another end of the tubular sieeve and the first tubular
member; :
wherein the first and second tubular members afe amorphously honded.
An apparatus, comprising:
a tubular sleeve;
2 first tubular member coupled to an end lof the fubular sleeve; and
a second tubular member coupled to another enfl of the tubular sleeve and the first tubular
member;
wherein the first and second tubular members ate: welded.

An apparatus, comprising:
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atubular sleeve; :
afirst fubular member couplcd;lo an endl of the tubular slesve; and
asecond tubular member coupled to andther epd of the tubular sleeve and the first tubular
member;
wherein only the portions of the first and second tubular members proximate the tubular sleeve
are plastically deformed. ‘
119.  Theapparatus of claim 118, wherein a fluid tight seal is provided between the tubular sleeve
and at leastone of the first and second tubular members.
120. An apparatus, comprising:
atubular sleeve;
2 first tubular member coupled to an end of the tubular sleeve; and
a second tubular member coupled to andther end of the tubular sleeve and the first tubular
member;
wherein the first tubular member comprises internal threads; and wherein the second tubular member
comprises external threads that engage the internia] threads of the first tubular member.
121, Theapparatus of claim 120, wherein only the portions of the first and second members
proximate the threads of the first and second tubblar mémbers are plasﬁcall)? deformed.
122.  Theapparatus of claim 121, whirein a flirid tight seal is provided batween the threads of the
first and second tubufar members.
123.  Theapparatus of claim 121, wherein a fluid tight scal is provided bstween the tubular sleeve
and at lesstone of the first and second tabular members,
124.  Anspparatus, comprising:
' atubular sleeve comprising an internal flange positioned between the ends of the tubular
sleeve;
a first tubbular member received within ar end of the tubular sleeve in abutment with the
internal flange that comprises infernal threads; and '
a sccond tubular member received within another end of the tubular sleeve in abutment with

the internal flange that comprise$ exterhal threads that engage the internal threads of
the first tubular member: ' |

wherein the tubular sleeve is in ¢ircumfetential kension;
wherein the end of first tubular member is in cifcumferential compression; and
wherein the end of the second tibular member is in circumferential ;:ompression.
125.  Ansapparatus, comprising: .
a tubular sleeve comprising an external flange positioned between the ends of the tubular
sleeve;

a first tubwlar member that receives an enld of the tubular sleeve and abuts the cxternal flange
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127.

that comprises internal threads and

a second tubular member that receives another end of the tubular sleeve that abuts the external
flange that comprises external threadsithat engage the intemnal threads of the first
tubular member;

wherein the tubular sleeve is in cjrcumferential compression;

wherein the first tubular member is in crcumferential tension; and

wherein the second tubular member is in circumterential tension,

An apparstus, comprising:

a tubular sleeve comprising an internal ﬂmge bosiﬁoﬂed between the cnds of the tubular
sleeve; :

a first tubular member received within an end éf the tubular sleeve in abutment with the
internal flange that comprises internal mreads; and '

a second tubular member received within anothier end of the tubalar sleeve in abutment with
the internal flange that comprises extemal threads that engage the internal threads of”
the first tubular member;

whercin the tubuler sleeve is in circumférentiagtension;

wherein the end of first tubular member:is in cicumferential compression;

wherein the end of the second tubular mesnbers in circumferential compression;

wherein a fluid tight seal is provided between the tubular sleeve and at least one of the first and
sccond tubular membets; and

wherein a fluid tight seal is provided between the threads of the first and second tubular
members.

An apparatus, comprising:

a tubular sleeve comprising an external flange positioned between the ends of the tubular
sleeve;

a first tubular member that receives an end of the tubular sleeve and abuts the external flange
that comprises internal threads; and '

a secand tubular member that receives another énd of the tubu]ar sleeve that abuts the extemnal
flange that comprises external thteads that engage the mtemal threads of the first
tubular member; ’

wherein the tubular sleeve is in circumferential compression;

wherein the first fubular member is in circumfefential tension;

wherein the second tubular member is in circuniferential tension;

wherein a fluid tight seal is provided between thie tubular sleeva and at least one of the first and
second tubular members; and

wherein a fluid tight seal is provided between the threads of the first and second tubular
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members.

A method of extracting geothermal energy froin a subterranean source of geothermal energy,

comprising:

129.

drilling a borehole that traverses the subterranan source of geothermal energy;

positioning a first casing string within the bor¢hole;

radially expanding and plasticslly deforming the first casing string within the borehole;

positioning 2 second casing string within the Borehole that traverses the subterranean source of
geothermal energy; )

overlapping a portion of the second casing strig with a portion of the first casing string;

radially expanding and plastically deforming the second casing string within the borehole; and

extracting geothermal energy from the subterrdnean source of geotticrmal energy using the first
and second casing strings. ‘

The method of claim 128, wherein the interior|dismeter of a passage defined by the first and

second casing strings is constant.

130.

131.

The method of claim 128, wherein at least one of the first and secodd casing strings comprise:

atubular sleeve;

a first tubular member coupled to an end of thej tubular sleeve comprising internal threads at an
end portion; and

a second tubular member coupled to another end of the tubular sleeve comprising external
threads at an end portion that engage the internal threads of the end portion of the first
tubular member.

A method of extracting geothermal energy from a subterranean source of geothermal energy,

comprising:

drilling a borehole that traverses the subterranchn source of geotherrnal energy;

positioning a first casing string within the borehole;

radially expanding and plastically deforming thi first casing string Within the borchole;

positioning a second casing string within the borehole that traverses the subterranean source of
geothermal energy;

overlapping a portion of the sccond casing strilg with a portion of the first casing string;

radially expanding and plastically deforming the second casing string within the borehole; and

extracting geothermal energy from the subterrapcan source of geothermal energy using the first
and second casing strings;

wherein the interior diameter of a passage defined by the first end second casing strings is
constant; and

wherein at least one of the first and second casmg strings comprise:
a tubular sleeve comprising an irtemel Flange positioned between the ends of the
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tubular sfeeve;
a first tubular member recefived withinl an end of the tubular sleeve in abutment with
the internal flange that comprises internal threads; and
a second tubular member réceived within ﬁnother end of the tubular sleeve in
abutment with the mternal flange that comprises external threads that engage
the internal threads of the first tubular member.
132. A method of extracting geothermal pnergy from a subterranean source of geothermal energy,
comprising;
drilling a borehole that traverses the subterranéan source of geothermal energy;
positioning a first casing string withm the borenole
radially expanding and plastically deforming tHe first casing string wrt}un the borehole;
positioning a second casing string Within the bérehole that traverses the subterranean source of
geothermal cnergy;
overlapping a portion of the second kasing string with a portion of the first casing string;
redially expanding and plastically déforming the second casing string within the borehole; and
extracting geothermal energy from the subterranean source of geothermal energy using the first
and second casing strings;
wherein the interior diameter of a pdssage defifded by the first and second casing strings is
constant; and
wherein at least ane of the first and $econd casihg strings comprise:

a tubular slesve comprisingan external flange positioned between the ends of the
tubular sleeve;

a first tubular member that receives an end of the tubular sleeve that abuts external
flange that comprisés intemnal threads; and
a second tubular member that receives another end of the tubular sleeve that abuts the
external ﬂanée that comprises éxternal threads that engage the intemnal threads
of the first tubular mjember. | |
133, A method of extracting geothermal énergy froni a subterranean source of geothermal energy,
comprising; ,
drilling a borehole that traverses the subterranedn source of geothermal energy;
positioning a first casing string withip the boreljole;
radially expanding and plastically deforming the first casing string within the borehole;
positioning a second casing string within the borehole that traverses the subterranean source of
geothermal energy;
overlapping a portion of the second dasing string with a portion of the first casing string;
radially expanding and plastically deforming the second casing stripg within th borehole; and
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extracting geothermal cne'rgj; from the subferrhnean souree of geothermal energy using the first
and second casing s\:‘.rings;
wherein th interior dismeter fa passage defined by the first and second casing strings is
constant; and
wherein at least one of the first and second Acaa'ing strings comprise:
a tubular sleeve comnprising an interna) flange. positioned bétween the ends of the
tubular slee\.re;
8 first tubular member received within/ an end of the tubulat sleeve in abutment with
the internal ‘flange that comprises internal threads; and
a second tubular mesnber received within another end of the tubular sleeve in
abutment with the internal flauye that comprises external threads that engage
the internal threads of the first tubular member;
wherein the tubular gleeve is in circumdferential tension;
wherein the first tubular member isin pircﬁmferential compression;
wherein the second tubular member islin circumferential compression;
wherein a fluid tight seal is provided between the tubular slpeve and at Jeast one of the
first and second tubular members; and
wherein a fhuid tight ‘seal is provided between the threads of the first and second
tubular members. ‘
134. A method of extracting geoth:emml energy frorh a subterranean source of geothermal energy,
comprising:
drilling a borehole that traverses the subterranchn source of geothermal energy;
positioning a first casing string within the borehole;
radially expanding and plastiéally deforming thle first casing string within the borehole;
positioning a second casing string within the bc;nehc:"ﬂe that traverses the subterranean source of
geothermal energy,
averlapping a portion of the second casing stritjg w:ith a portion of the first casing string;
radijally expanding and p)astiéal]y deforming the second casing string within the borehole; and
extracting geothermal energyzfrom the subterrapvan sovrce of geothermal energy using the first
and second casing strings;
wherein the interior diameter of a passage défined by the first and second casing strings is
constant; and
wherein at least one of the first and second casihe strings comprise:
a tubular sleeve comprising an external| flange positioned bétween the ends of the
tubular sleeve;

a first tubular member that receives an ¢na of the tubular sleeve that abuts externa)
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flange that comprises internal fthresds; and
a second tubular member that received ancther end of the tubular sleeve that abuts the
external flange that comprises|external threads that .cngage the intemal threads
of the first tubular member;
wherein the tubular sleeve is in circuniferenial compression;
wherein thi first tubular member is'in kitcumferential tensian;
whegein the second tubulas member isin circumferential tension;
wherein a fluid tight seal is provided betwéen the tubular sleeve and at least one of the
first and second tubular members, and
wherein a fluid tight seal is provided bptween the threads of the first and second
tubular members.
135.  An apparatus for extracting gecthermal energy|from a subterranean source of geothermal
energy, comprising: '
a barehole that traverses the subterranean sourde of geothermal energy;
a first casing string positioned within the borehple; ;_and
a second casing positioned within the borehole|thar ~verlaps with the first casing string that
traverses the subtesranean source of geptheymal energy;
wherein the first casing string and the second casin string are radially expanded and
plastically deformed within the borchole.
136.  The apparatus of claim 135, wherein the interidr diameter of a passdge defined by the first and
second casing strings is constant. ’
137.  The apparatus of claim 135, wherein at lcast on? of the first and second casing strings
comprise; ’
a tubular sleeve; .
a first tubular member coupled to an end of the ffubilar sleeve comprising internal threads at an
end portion; and
a second tubular member coupled to another enHl ofithe tubular sleeve comprising external
threads at an end portion that engage the intemal threads of the end portion of the first
tubular member.
138.  An apparatus for extracting geothermal energy from a subtesrancan source of geothermal
enexgy, comprising; :
a borehole that traverses the subterratiean soirct of geothermal energy;
a first casing string positioned within the borehdle;
a second casing string within ;he borehole that traverses the subterranean source of geothermnal
energy that overlaps with the first casing string;
wherein the first and second casing strings are radially expanded and plastically deformed

96
AMENDED SHEET (ARTICLE 19)




WO 2004/009950 PCT/US2003/020694

within the borehole;. '
wherein the inside diameoter fa passage ?hfmkd by the first and scoond casing strings is
constant; and
wherein at least one of the first and second cagjng strings comprise::
a tubular sleeve comprising an in:tema, Hange positioned between the ends of the
tubular sleeve;
a first tubular member received withinlan end of the tubular sleeve in abutment with
the internal flange that comprises internal threads; and
a second tubular member received within another end of the tubuler siceve in
abutment with the internal flagge that comprises external threads that engape
the internal threads of the firsyubular member.
139.  An apparatus for extracting geothermal energyitrom a subterranean source of geothermal
energy, comprisingf
a borehole that traverses the subterraneanisourde of geothermal energy;
a first casing string positioned within the borehole;, and
a second casing string positioned within the borehole that traverses the subterranean source of
geothermal energy that overlaps with the first’ casing string;
wherein the interior diameter of a passaga: defiged by the first and second casing strings is
constant; and
wherein at least one of the first and seconéi casing strings comprise:
a tubular sleeve comprising an externalflange positioned between the ends of the
tubular sleeve;
a first tubular member that receives an nd of the tubular sleeve that abuts extemal
flapge that comprises internal threads; and
a second tubular member that receives inother end of the tubular sleeve that abuts the
external flange that comprises bxternal threads that engnge the internal threads
of the first tubular member.
140.  An apparatus for extracting geothermal energy h‘om a subterranean source of geothermal
energy, comprising:
a borehole that traverses the subterranean sourch of geothermal energy;
a first casing string positioned within the borehple;
a second casing string within the boreholeithat traverses the subterranean source of geothermal
energy that overlaps with the first icasing string;
wherein the first and second casing strings are mdially expanded and plastically deformed
within th borehole; o
wherein the inside diameter of a passage dieﬁneh by the first and second casing strings is
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constant; and
wherein at least one of the first and second casing strings comprise:

a tubular slesve comprising an internal flange positionsd between the ends of the
tubular sleeve; A

a first tubular member received withinan end of the tubular sleeve in abutment with
the internal flange that comprises intemal threads;

a second tubular member received within another end of the tubular sleeve in
abutment with the internal flagge that comprisés external threads that engsge
the internal threads of the firstjtubu)ar member:

wherein the tubular sleeve is in circumfferentia] tension:

wherein the first tubular member is in ¢ircumferential compression;

wherein the second tubular member is pn circumferential compression;

wherein a fluid tight seal is provided bktween the tubular sleeve and at least one of the
first and second tubular members; and

wherein a fluid tight seal is provided bétween the threads of the first and second
tubular members.

141.  An apparatus for extracting geothermal energy [from a subterranean source of geothermal
energy, comprising;
a borehale that traverses the subterranean sourde of geothermal energy;
a first casing string positioned within the borehble; and
a second casing string positioned within the batehole that traverses the subterranean source of
geothermal energy that overlaps with the first casing string;
wherein the interior diameter of a passage defirjed by the first and second casing strings is
constant; and
wherein at least one of the first and second casillg striogs comprise:

a tubular sleeve comprising an external| flange positioned between the ends of the
tubular sleeve; :

a first tubular member that receives an ¢nd of the tubulsr sleeve that abuts external
flange that comprises internal threads;

a second tubular member that reccives gnother end of the tubular sleeve that abuts the
external flange that comprises dxternal threads that engage the internal threads
of the first tubular member;

wherein the tubular sleeve is in circumffrential compressiot;

wherein the first tubular member is in cjrcumferential tension;

wherein the second tibular member is ih circumferential tension;

wherein a fluid tight seal is provided befween the tubular sleeve and et least one of the
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first and second tubulsr memHers; and
wherein a fluid tight seal is provided between the threads of the first and second
tubular members.
142. A method, comprising:
coupling the ends of first and second tubular members;
injecting a pressurized fluid through the first 2jd second tubular members;
determining if any of the pressurized fluid leald's through the coupled ends of the first and
: second tubular members; and
if a predetermined amount of the pressurized fluid leaks through the coupled ends of the first
and second tubular members, then coupling a tubular sleeve to the cnds of the firstand
second tubular members and radially expanding and plﬁsdcally deforming only the
portions of the first and second tubulan members proximate the wbular slesve.
143, Themethod of claim 142, wherein radially expgnding and plastically deforming only the
portions of the first and second tubular members proxirhate the tubular sleeve comprises:
displacing an expansion cone within and relative to the first and second tubular membefs.
144.  Themethod of claim 142, wherein radially exppoding and plastically deform ing only the
portions of the ftrst and second tubular members proxirhate the tubular leeve comprises:
applying radial pressure to the interior sprfaces(of the first and s;econd tubular member
proximate the tubular sleeve using a rolating member. .
145.  The method of claim 1, further comprising:
transmitting energy through the first and soconl! tubular members.
146.  Themethod of claim 145, wherein the energy domprises electrical energy.
147.  Themethod of claim 146, whercin the electrical energy comprises a communication signal.
148.  Themethod of claim 145, wherein the energy comprises thermal enccgy.
149. Themethod of claim 145, wherein the energy chmprises acoustic energy.
150.  Themethod of claim 145, wherein the energy x$ transmitted thrbugh the first and second
tubular members prior to ra&ially expanding and plasticaty deforming the first and second tubular
members. _
151,  Themethod of claim 145, wherein the energy it transmitted through the first and second
tubular members after radially expanding and plastiuallj'{ deforming the first and second tubular
members.
152.  Themethod of claim 32, further comprising:
transmitting energy through the first and seconq mibular members.
153.  Themethod of claim 152, wherein the energy chmprises electrical energy.
154.  The method of claim 153, wherein the electrical energy comprises a communication signal.
155.  Themethad of claim 152, wherein the energy cbmprises thermal energy.
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156.  The method of claim 152, wherein the energy comprises acoustic energy.
157.  The method of claim 152, wherein the energy is transmitted through the first and second
tubular members prior to radially expanding and plasti¢ally deforming the first and second tubular
members,
158.  The method of claim 152, wherein the energy is transmitted through the first and second
tubular members after radially expanding and plasﬁcall'P' deforming the first and second tubular
members.
159. A system comprising:
a source of energy;
a borehole formed in the earth;
a first tubular member positioned within the bdrehole operably coupled to the source of
energy;
a second tubular member positioned within the|borehole coupled to the first tubular member;
and
a tubular sleeve positioned within the boreholelcoupled to the first and second tubu lar
members; _
wherein the first tubular member, second tubulir member, and the tubular sleeve are plastically
deformed into engagement with one anpther.
160.  The system of claim 159, wherein the source of encrgy comprises & source of electrical energy.
161.  The system of claim 159, wherein the source of energy comprises a source of thermnal energy.
162.  The system of claim 159, wherein the source of energy comprises a source of acoustic energy.
163. A method of operating s well for extracting hydrocarbons from a subterranean formation, l
comprising: :
drilling a borehole into the earth that traverses the subterranean formation;
positioning a wellbore casing in the borehols;
transmitting energy through the wellbore casing; and
extracting hydrocarbons from the subterranean tormation;
wherein the wellbore casing comprises:
a first tubular member;
a second tubular member coupled to thé first tubudar member; and
a tubular sleeve coupled to the first and| second tubular member; and
wherein the first tubular member, the second tui:ular member, and the tubular sleeve are
plastically deformed into engagement with one ancther.
164.  The meihod of claim 163, wherein the energy comprises electrical energy.
165.  The system of claim 163, wherein the energy comprises thermal energy.
166.  The system of claim 163, wherein the energy ccﬂmprises acoustic energy.
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167. A method of extracting fluidic materials frofn first and second producing subterrapean
formations traversed by a borchole, coraprising:
coupling an end of a first tubular member td an end of a tubular slecve;
coupling an end of a second tubular membet td another end of the first tubular sleeve;
coupling the ends of the first and second ni\iulér.members;
positioning the coupled first tubular member, sgcond tubular member and first tubular sleeve
within the borehole proximate the firstiproducing subtcrranean formation;
radially expanding and plastically defarming the first tubular membet, the second tubular
member, and the first tubular sleevel within the borehole;
coupling an end of a third tubular member t6 ah end of a second tubular sleeve; '
coupling an end of a fourth tubular member Yo hnother end of the second tubular sleeve;
coupling the ends of the third and fourth tublldr members;
positioning the coupled third tubular member, tourth tubular member and second tubular
sleeve within the radially expanded knd coupled first tubular member, second tubular
member, and first tubular sleeve and thie borehole proxiniate the second producing
subterranean formation; :
radially expanding and plastically deforming thl third tubular member, the fourth tubular
member, and the second tubular sleévelwithin the borehdle;
extracting fluidic materials from the first proaucing subterranean formation through an annular
passage defined beﬁrevm the radislly expanded and coupled first tubuler member,
second tubular member, and first tubiulir sleeve end the tadially expanded and coupled
third tubular member, fourth tubular;mbmber, and second tubular sleeve; and
extracting fluidic materials from the second producing subterrangan formation through 2
passage defined within the radially exppnded and coupled third tubular member,
fourth tubular member, and _se:ond qubplar slegve.
168. The method of claim 167, fucther comprising: -
fluidicly sealing an annnlar passage defined ‘between the radially expanded and coupled first
tubular member, second tubular meribér, and first tubular sleeve and the borchole; and
fluidicly sealing an annular passage defined etjpveen the radially expanded and coupled third
tubular member, fourth tobular menibe‘t, and second tubular sleeve and the borehole.
169. A system for extracting fluidic materials from tirst and second producing subterranean
formations traversed by a borehole, comprising:
means for coupling an end of a first tubular thetber to an end of & tubular sleeve;
means for coupling an end of.a second tubulur member to another end of the first tubular
sleeve; '

means for coupling the ends of the first and secdnd tubular-members;
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i

means for positioning the coupled first tubular/member, secoPd tubular member and first
tubular sleeve within the borehole proximate the ﬂrs? producing subterranean
formation,;

means for radially expanding and plasticalb!f défomhg the ﬁkst tubular member, the second
tubular member, and the first tubulsr sleeve within tltc borehole;

means for coupling an end of a third tubular;member to an e!jid of a second tubular sleeve;

means for coupling an end of a fourth tubular thember to anoiber end of the second tubular
sleeve;

means for coupling the ends of the third and; folirth tubular xqiembers;

means for positioning the coupled third tubular member, fométh tubular member and second
tubular sleeve within the fadially expajded and coupped first tubular member, second
tubular member, and first tubular sléeve and the bord;hole proximate the second
producing subterranean formation;

means for radially expanding and pl'asticall.ygdeforming the thiird tubular member, the fourth
wbular member, and the second tubilsf sleeve thhup the borehole;

means for extracting fluidic materials from the first producin# subterranean formation thropgh
an annuler passage defined betweenithé radially expanded and coupled first tubular
member, second tubular member, and first tubular sl%ev; and the radially expanded

and cougled third tubular member, 1ourth tubular me'pxber. and second tubular sleeve;

and ‘

meaas for extracting fluidic materials from the second produéing subterrancan formation

' through a passagre defined within the radially expandpd and coupled third rubular
member, fourth tubular mémber, and s¢cond twbular %sleeve.

The system of clsim 169, further cnmprising!: ' ;

means for fluidicly sealing an annular passage defined betwegn the radially expanded and
coupled first tubular member, second blbular membe;'. and first tubular sleeve and the
borehole: and :

means for fluidicly sealing an annular passage defined betwegn the radially expanded and
coupled third tubular member, fourth tjbular membef(, and second tubular sleeve and
the borehole.
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1. D Claim Nos.:

because they relate 1o subject matter not required to be searched by this Authority, namely:

2. l:] Claim Nos.:

because they relate 1o parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claim Nos.: 0

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING )
This application contains the following inventions or groups of inventions which are not so }inked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group 1, claim(s) 1-63 and 142-158, drawn to a method.

Group 11, claim(s) 64-127, drawn to an apparatus.

Group III, claim(s) 128-134, drawn to a method of extracting geothermal energy.
Group IV, claim(s) 135-141, drawn to an apparatus for extracting geothermal energy.
Group V, claim(s) 159-162 and 169-170, drawn 10 a borehole system.

Group VI, claim(s) 163-168, drawn to a method of operatiag a well.

The inventions listed as Groups I-VI do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Group I comprises the method of radially deforming a tubular with plastic deformation whereas Group 11 does not make such a
deformation. Groups III and IV comprise using a tubular subjected to radial deforming and:plastic deformation in completing a
geothermal energy well. The Groups are further distinguished in whether or not a flanged sleeve is used in making up a wbular string,
whether or not a flange is external or internal, whether or not the connecting tubes are threaded, inter alia, such as whether or not seals
are used in the connection of two tubulars.

Form PCT/ISA/210 (second sheet) (July 1998)




	2004-05-12 Foreign Reference

